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The Woodforde River in its middle reaches.

Abstract
This thesis is a study of ephemeral drainage systems on the extensive, low-relief
Northern Plains in the Alice Springs region of central Australia. Comparison of the
Sandover, Bundey and Woodforde Rivers (catchment areas of approximately 10 600,
11 000 and 550 km', respectively) reveals variations in channel morphology, estimated
flow conditions and sedimentary characteristics. In the middle reaches of the Sandover
catchment, bedloads consist of medium to coarse sands and channels are mainly singlethread. By contrast, in the Bundey and Woodforde catchments, bedloads consist of
coarse sands and granules and many reaches are anabranched, with channels separated by
narrow, linear, vegetated ridges or broad islands. Anabranching is related to tributary
drainage, for ridges and islands form in association with tributary junctions as a result of
various processes, including accretion in the lee of in-channel vegetation, by floodplain
scour and by the formation of defeiTed-junction tributaries.

Downvalley burial of indurated Pleistocene terraces by younger alluvial deposits is a
major factor influencing the fluvial geomorphology of the lower reaches. Where the
channels emerge from the confines of the terraces, floodplains increase in width and
channel capacities rapidly decrease downstream.

In this floodout zone there are

numerous distributaries, splays and abandoned channels.

On the small Woodforde

River, the downstream decrease in capacity follows a linear trend but on the larger
Sandover and Bundey Rivers, the decreases are more irregular, with marked fluctuations
in channel widths, depths and bed slopes. On all three rivers, channelised flow and
bedload transport eventually cease and floodwaters spill across the broad, low-gradient
floodouts.
The presence or absence of the Pleistocene terraces has strongly influenced Holocene
channel and floodplain behaviour. Where the channels are confined within the terraces,
the absence of early-mid Holocene alluvial deposits suggests reworking or removal
during later floods. In the unconfined lower reaches, late Pleistocene and early-mid
Holocene alluvium is partially preserved within the stratigraphy of the floodout zone, for
here the degree of alluvial reworking has been less intense. In these unconfined reaches,
recent large floods have resulted in only limited channel widening, avulsion and the
development and enlargement of splays.
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CHAPTER 1
INTRODUCTION
1.1 THE CONTEXT FOR FLUVIAL RESEARCH IN DESERT REGIONS
Deserts and semi-deserts have existed sporadically on Earth from the Precambrian to the
Present and currently exist across a wide spectrum of settings from cold, high latitude,
high altitude environments to v^arm, low latitude, low altitude environments. The warm
deserts of the world, which are mainly located in the tropics and sub-tropics, form the
largest expanse of deserts and currently occupy between one-fifth and one-third of the
Earth's land surface (Glennie, 1987a; Goudie, 1987; Cooke et al, 1993) (Figure 1.1).
Although there is no universally accepted scientific definition of a desert, the warm
deserts are typically characterised by high (but variable) degrees of aridity, reflecting low
ratios between rainfall and potential rates of evaporation, and by sparse vegetation covers.
Western society and the scientific community have become increasingly interested in the
warm deserts of the world ever since the early days of exploration in the late 18th
Century, yet the focus of this interest has changed over time. The era of exploration,
colonisation and reconnaissance mapping has passed, yet the concern with deserts is
unlikely to diminish in future decades. The vast areal extent of deserts, the significant
resource potential of many areas and an ever-growing human population means that they
have increasingly become a focus of attention.
Although warm deserts have provided the location for research in many of the natural
sciences, to date, most hydrological and fluvial research has tended to focus on the more
humid areas of North America and Europe. This is unfortunate, for water resource issues
such as river channel and basin management are rapidly assuming major environmental,
economic and political importance in the desert regions of both the developed and
developing world, as evidenced by the increasing number of symposia and conferences
devoted to the hydrology of desert lands (e.g. lAHS-AISH, 1979; French, 1990). If
fluvial geomorphology is also to play a role in addressing these water resource issues,
then empirical research and fluvial theory for the desert regions of the world needs to be
strengthened.
There are two principal reasons for the general neglect of the study of the hydrology and
fluvial geomorphology of deserts. First, in logistical terms, the remoteness of many
desert regions creates problems of accessibility and, combined with the infrequence of

Figure 1.1 World distribution of warm deserts (Parsons and Abrahams, 1994; after UNESCO, 1977).
There are no hyperarid deserts in Australia.

rainfall and runoff events, this poses difficulties for the collection of basic hydrological
data (Rodier, 1985; Reid and Frostick, 1989). Second, and perhaps more significantly,
geomoiphological research in deserts has tended to focus on forms and processes thought
to be more peculiar to these areas (Frostick and Reid, 1987; Reid and Frostick, 1989). In
particular, aeolian processes and forms have generally received far greater attention than
fluvial processes and forms (Frostick and Reid, 1987; Glennie, 1987a). A series of texts
and edited volumes now exists on the action of wind and resulting wind-blown forms in
deserts, from the seminal work of Bagnold (1941) to a number of recent publications
(McKee, 1979; Brookfield and Ahlbrandt, 1983; Pye and Tsoar, 1990; Tchakerian,
1995a). In contrast, there is only one text specifically devoted to fluvial forms and
processes in deserts (Graf, 1988a). Furthermore, a perusal of the content of texts and
edited volumes on desert geomorphology (e.g. Cooke and Warren, 1973; Mabbutt, 1977;
Goudie and Wilkinson, 1977; Thomas, 1989a; Cooke et al., 1993; Abrahams and
Parsons, 1994) reveals that the amount of space devoted to aeolian forms and processes
often considerably outweighs that given to fluvial geomorphology. Similarly, recent
progress reports on arid geomorphology (Lancaster, 1992, 1994a, b, 1996), which
reflect the current thrust of research, have tended to concentrate on aeolian forms and
processes.
Nevertheless, the small body of research on desert streams that does exist provides a
number of examples to illustrate the important role of running water in shaping desert
landscapes. First, general observations and a small number of monitored flood events in
desert rivers indicates that water is a significant agent of erosion in many deserts (Reid
and Frostick, 1989). Hence, over time, water can be an active land-forming agent in
desert environments (Frostick and Reid, 1987). For instance, many characteristic desert
landforms such as alluvial fans, pediments and inselbergs, owe their formation in whole
or in part to the action of running water. Second, in many deserts, the products of fluvial
erosion have been preserved as sedimentary sequences (Merifield, 1987; Reid and
Frostick, 1989). By virtue of the relative aridity and the general distance from the effects
of the Quaternary glaciations, these sediments have survived subsequent erosion and
reworking and thus attest to the role of deserts rivers as conveyors and repositories of
sediment over long periods of time. In combination with associated aeolian, lacustrine
and pedogenic

deposits,

the fluvial deposits provide great potential

for

palaeoenvironmental reconstmction, such as establishing the nature and magnitude of past
climate changes.
Clearly, therefore, there are a number of practical and scientific imperatives for the study
of desert rivers. This thesis is a scientific study of some desert rivers in central Australia
and is concerned both with present-day fluvial processes and Quaternary landscape

dynamics. Although some of the findings are inevitably specific to the Australian desert
regions, the general conclusions reached will be of broader relevance.

1.2 THE DESERT ENVIRONMENTS OF AUSTRALIA
Trends in desert research worldwide have, to some extent, been paralleled by
developments in Australia. Australia is the driest of the non-polar continents, either in
terms of the relative extent of its arid and semi-arid zone, which covers between twothirds and three-quarters of the continent (Fig. 1.1), or the low mean continental
precipitation and runoff (Marshall, 1948; Bowler, 1976; Pilgrim et al, 1979; Mabbutt,
1977, 1986; Warner, 1986; Finlayson and McMahon, 1988; Thomas, 1989b). Despite
the general aridity of a large percentage of Australia, most hydrological and fluvial
research has been concentrated in the relatively well-watered southeast corner and little
attention has been given to the interior areas of the continent (Tooth and Nanson, 1995).
Whilst to some extent this reflects the difficulties of basic data collection in the Australian
arid zone (French and Roberts, 1975; Goodspeed, 1977; Pilgrim et aL, 1979; Kotwicki,
1986; Dunkerley, 1992; Knighton and Nanson, 1994a), it also reflects the concern with
the more distinctive features of the desert and semi-desert areas. For instance, much
research attention has been focused on aeolian and lacustrine landforms and deposits (e.g.
Bettanay, 1962; Mabbutt, 1968; Mabbutt and Sullivan, 1968; Brookfield, 1970; Folk,
1971, 1976; Twidale, 1972, 1981; Bowler, 1973, 1976, 1983; Wasson, 1983a, b, 1986;
Chen and Barton, 1991; Chen et aL, 1990, 1991a, b, 1993, 1995; Callen and Nanson,
1992; Nanson et al., 1992a) particularly through the Australian National University's
SLEADS (Salt Lakes, Evaporites and Aeolian Deposits) project (Chivas and Bowler,
1986).

The relative neglect of the fluvial landforms of the Australian arid zone is regrettable for a
number of reasons. First, although aeolian deposits cover a significant proportion of the
interior areas of the continent, these are often found in close proximity to active or palaeo
fluvial landforms and, in many areas, they have been derived from alluvial sands
(Mabbutt, 1977). Second, despite their great extent and the high variability of rainfall and
runoff, the Australian deserts are only moderately arid with all climate stations recording
long-term mean annual rainfalls above 100 mm (Mabbutt, 1967, 1984, 1986). As a
result, the action of running water predominates on all appreciable slopes and much of the
interior has landform assemblages dominated by fluvial action (Mabbutt, 1967, 1986;
Warner, 1988). Third, a small body of research now suggests that the rivers of the
Australian continent as a whole are characterised by more highly variable flow regimes
and annual floods than rivers in many other parts of the world (McMahon, 1975, 1979;
Warner, 1986; Finlayson and McMahon, 1988; McMahon et aL, 1992). Although there

is relatively little data for the arid and semi-arid areas, extreme discharge variability would
appear to be particularly characteristic of the rivers of the desert interior (McMahon,
1975, 1979; Kotwicki and Isdale, 1991; Knighton and Nanson, 1994a), a situation
which may have considerable implications for fluvial forms and processes. Finally,
given the great antiquity and relative tectonic stability of the Australian continent, the
deposits resulting from widespread fluvial activity provide a mantle for much of the
landsurface.

While the effects of Pleistocene climatic changes have been well

documented from glaciated regions, the impact of the these changes on the desert regions
of the world is relatively poorly understood. The arid and semi-arid zones of Australia
extend over 13° of latitude (Bowler, 1976) and thus, in combination with aeolian,
lacustrine and pedogenic records, the deposits of the desert rivers provide great potential
for furnishing information on Southern Hemisphere palaeohydrological

and

palaeoclimatic change.
Clearly, there is considerable justification for the study of Australia's desert rivers, both
in terms of present-day processes and longer term palaeohydrological change. The Alice
Springs region of central Australia is particularly suitable for fluvial research for four
main reasons. First, where attention has been given to fluvial forms, processes and
Quaternary change in the Australian inland, research has been tended to focus on rivers
fed by rainfall originating outside the arid zone, such as the semi-arid fringe of New
South Wales and Victoria (e.g. Schümm, 1968; Riley, 1975a, 1977; Taylor, 1976;
Taylor and Woodyer, 1978; Riley and Taylor, 1978; Woodyer et al, 1979; Williams et
al., 1991; Page et ai, 1991, 1996; Page, 1994) and the Channel Country of western
Queensland (e.g. Rust, 1981; Rust and Nanson, 1986; Nanson et ai,

1986, 1988;

Knighton and Nanson, 1994a, b). Hence, a corresponding picture of fluvial morphology
and Quaternary dynamics does not presently exist for the arid central area of the
continent. Second, the juxtaposition of a series of east-west trending ranges with stable,
low-lying basins and plains gives rise to a wide variety of drainage systems in the Alice
Springs region, with the potential for lengthy depositional records. Third, the region is
approximately located between the summer rainfall belt to the north and the winter rainfall
belt to the south and should therefore be a sensitive recorder of the palaeoclimatic changes
affecting the continent as a whole. Fourth, the region provides a number of logistical
advantages for field-based research compared to other arid areas of the continent, such as
good accessibility and the support of scientific organisations and commercial services in
Alice Springs.
A limited amount of fluvial research has been carried out in the Alice Springs region,
ranging from the large-scale studies of denudation chronology (Mabbutt, 1962, 1967) to
more detailed studies of the drainage systems per se (e.g. Williams, 1969, 1970a, 1971;

Baker eiii/., 1983a; Pickup etal,

1988; Pickup, 1991; Patton era/., 1993; Bourke, 1994;

Nanson et al, 1995). All these previous studies, however, have focused either on river
systems close to the ranges or on short reaches in the middle of larger river systems.
Thus, there is no comprehensive description of any particular river system either in terms
of contemporary forms and processes or the longer term sedimentary history. Clearly,
therefore, the Alice Springs region offers considerable potential for a study of desert
rivers that will be of relevance both for Australia and for the broader field of desert fluvial
geomorphology.

1.3

STUDY AIMS

In an attempt to contribute to a better understanding of ephemeral drainage systems, both
in the Alice Springs region and other desert environments, this study has three main aims:
1.) To detail the contemporaij

fluvial geomorphology

of ephemeral drainage

with particular reference to downstream changes in channel morphology,

systems,

sedimentaiy

characteristics and inferred flow conditions.
Consideration of downstream changes in river process and form is the epitome of a
spatial approach to study and an explicit recognition of the hnear nature of the fluvial
system but it has rarely been attempted for large desert rivers. Investigating downstream
changes for ephemeral drainage systems involves examinination of a range of
morphological and sedimentary criteria including, for example, parameters of channel
form (e.g. long profile, planform and cross-section), characteristics of the bed and bank
material (e.g. grain size and sorting, sedimentary structures) and the nature of adjacent
alluvial sedimentary surfaces (e.g. floodplain and terrace sequences).
In turn, investigation of the downstream changes in channel form and alluvial sediments
enables inferences to be made as to fluvial process in the channels of central Australia. In
common with many other desert environments, there is very little flow or sediment
transport data for channels in arid and semi-arid Australia. Thus, while inferential
approaches to the investigation of process are not without problems, they have often been
used in Australia to reconstmct flow parameters for arid and semi-arid channels (e.g.
Williams, 1969, 1970a, 1971; Riley, 1975a; Dunkerley, 1992).
Adopting a 'whole system' perspective is also an integral part of an investigation of
downstream changes in river channel form and process as it helps to focus attention on
the links between the fluvial forms and processes in the headwater sources of runoff and
sediment and those further downstream. Most previous studies of desert rivers, both in
Australia and other desert environments, have tended to focus on the headwater or middle

reaches of drainage systems and relatively little is known about the forms and processes
in the distal reaches. In arid and semi-arid Australia, the high degree of drainage
disorganisation - whereby the endpoint of many channels is indistinct (Sullivan, 1976;
Mabbutt, 1977) - means that the distal reaches take on special significance both in terms
of contemporary forms and processes and as sinks for the sediment eroded from the
uplands.
2.) To document the dynamics of ephemeral drainage systems, in terms of the catchmentwide changes occurring during the late Quaternary as well as the more localised changes
in historical times.
Consideration of channel dynamics over various temporal and spatial scales involves
investigating both the nature of change (e.g. in channel form and process) and the factors
controlling change (e.g. autogenic and allogenic factors). The investigative approaches
used for present-day channel forms and processes can also be applied to palaeochannels:
for instance, in inferring processes on the basis of palaeochannel forms and sediments.
The application of sedimentary dating techniques is important, for it is often possible to
identify past phases of channel activity. By reconstructing palaeochannel form and
process during widespread phases of activity, the nature of past flow regimes and
associated palaeoclimatic change can sometimes be inferred.
Adoption of a whole system perspective is also useful for reconstructing past channel
changes. For instance, it enables questions to be asked regarding the expression of past
phases of fluvial activity in different parts of the catchment. This sometimes provides
clues as to the nature of the factors controlling fluvial activity, such as climate change or
tectonic activity. In the Alice Springs region, a number of authors (Pickup et ai, 1988;
Pickup, 1989, 1991; Patton et aL, 1993) have proposed Unks between the large floods
responsible for the late Quaternary slackwater sequences preserved in bedrock gorges and
the palaeoforms in downstream alluvial reaches. The nature of these links remain to be
fully explored, however, for as yet it is unclear the extent to which the large-scale channel
changes identified in many piedmont reaches (Pickup, 1991; Patton et aL, 1993) were
also characteristic of the medial and distal reaches of larger rivers.
3.) To link the above two aims, by investigating

the extent to which the form and

behaviour of contemporary drainage systems are influenced by late Quaternary fluvial
changes.
Landform inheritance has long been a major theme in the Austrahan geomorphology
(Galloway, 1978; Gale, 1992; Twidale and Campbell, 1995) and has featured strongly in
many commentaries on fluvial landscape evolution in different parts of inland Australia
(e.g. Mabbutt, 1967; Bowler, 1978; Williams et al., 1991). The widespread survival of

palaeoforms in Australian landscapes has led many researchers to question the relevance
of studies of contemporary form and process for understanding long-term, large-scale
landform evolution. For instance, Bowler (1978, p.72) has stated:
In an environment where landscape longevity is the rule rather than the exception,
modern process studies are of limited relevance in understanding landforms formed
under past environments unless that influence can be defined.
In the Alice Springs region, the landscape has evolved over long periods of time and thus
many large-scale landforms are endowed with a strong degree of inheritance expressed
through the influence of Cainozoic climate changes and tectonic activity (Mabbutt, 1967).
At the smaller scale of the river channel, however, reservations as to the relevance of
studies of contemporary form and process may not necessarily apply. For instance.
Pickup (1991) has shown how the floodplain systems of central Australia contain features
suggesting activity at three scales. At the largest scale, there is a set of fluvial landforms
believed to result from a small number of huge floods which have set the basic
configuration of the floodplains. Within these large-scale landforms, meso- and smallscale landforms have developed which respond to flows smaller and more frequent than
the great floods. Hence, Pickup's (1991) work shows that while past events often set the
context for later fluvial landform evolution, on a more limited spatial and temporal scale
many fluvial forms can still be envisaged as the outcome of contemporary processes.
More detailed study of river channel form and process, as attempted in this thesis, will
undoubtedly reveal further such examples of the links between past and present forms
and processes. For example, it can be asked how Pleistocene fluvial activity relates to
later Holocene activity, particularly that occurring on a historical timescale: in other
words, are channel forms in central Australia essentially Pleistocene in character or have
significant changes occurred during the Holocene ?
1.4

STUDY L O C A T I O N

This thesis is concerned with that part of central Australia generally referred to as the
'Alice Springs area' (Stewart and Perry, 1962). For the purposes of this study, the
arbitrary boundaries of the area are provided by latitude 26°S in the south (South
Australia-Northern Territory border), latitude 20°S in the north and in a west-east
direction by longitudes 130°E and 138°E (Fig. 1.2). As such, the boundaries differ
slightly from those defined by Stewart and Perry (1962) and Thompson (1991). Alice
Springs is located in the centre of the area in the foothills of the central belt of ranges that
trend west-east across the region.

Figure 1.2

Ephemeral drainage systems of the Alice Springs region of central Australia. Stippled

areas represent land over 750 m in elevation.

Particular attention in this thesis is focused on the area to the north of the central ranges
known as the Northern Plains (Mabbutt, 1962, 1967) (Fig. 1.2). Most previous
investigations of the rivers in the region have focused on the systems draining south and
southeast from the central ranges and relatively little attention has been given to the rivers
on the Northern Plains. Three adjacent drainage systems were selected for detailed study:
the Sandover River, the Bundey River and the Woodforde River. These rivers flow
north and northeast from the central ranges (Fig. 1.2). During large floods, the Sandover
carries floodwaters to its junction with the Bundey River. Although it is the Bundey
River that provides the vast majority of the flow and sediment downstream of the
confluence, topographic maps name the channel as the Sandover River. Throughout this
thesis, the channel downstream of the confluence is referred to as the Sandover-Bundey
River in order to avoid confusion with the Sandover upstream of the confluence
(Fig. 1.2). The catchment area of the Sandover River is approximately 10 600 km^ while
that of the Bundey and Sandover-Bundey (excluding the Sandover River catchment) is
approximately 11 000 km'. The smaller Woodforde River drains a catchment area of
approximately 550 km'.
Selection of these three catchments offered a number of advantages for study. First, as
two of the largest drainage systems on the Northern Plains, the regional geomorphic
importance of the Sandover and Bundey Rivers in itself was enough to justify their study.
The smaller Woodforde River was also selected in order to provide a more balanced
assessment of the character of drainage systems on the Northern Plains, particularly in
terms of the effect of catchment scale on fluvial forms, processes and change. Second,
preliminary analysis of aerial photographs showed that all three systems provided scope
for the investigation of downstream changes in channel morphology, sedimentary
characteristics and inferred flow conditions as well as the potential for preservation of
palaeochannels and longer-term sedimentary sequences. Third, in an important practical
sense, the Sandover, Bundey and Woodforde Rivers are three of the more accessible
drainage systems on the Northern Plains. Sealed and unsealed highways provide access
to parts of all three catchments and for much of their length the channels flow through
pastoral properties with a reasonable network of vehicle tracks.
Overall, all three drainage systems were thought to provide the scope for achieving the
study aims outlined in Section 1.3. Many researchers and published maps consider the
Sandover and Bundey catchments to be part of the larger (1 140 000 km^) Lake Eyre
basin (Sullivan, 1976; Kotwicki, 1986; Allan, 1990; Croke et al., 1995) and thus the
study of these catchments complements previous geomorphological work undertaken
elsewhere in this basin.
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In addition to the detailed study of the Sandover, Bundey and Woodforde drainage
systems, a number of other rivers on the Northern Plains and in the wider Alice Springs
region were investigated to provide an indication of the regional significance of the
findings. Although Pickup (1991) has shown that river channels are only part of the
fluvial geomorphology of arid environments, the concentration on channels in this thesis
can be justified because they are the most imposing and identifiable feature of the fluvial
landscape and they represent the main conduits for the movement of water and sediment.
Furthermore, data from the vicinity of the river channels can be used as a baseline from
which interpretation can proceed outward to encompass the broader alluvial landscape.

1.5

STRUCTURE OF THESIS

This thesis consists of three parts. Chapters 1, 2 and 3 form Part I (Introduction,
Background and Methods). The remainder of Chapter 1 assesses the present state of
knowledge with regard to desert fluvial form and process, in order to provide the context
for the findings of this study.

Chapter 2 provides an overview of the physical

environment and an outline of Cainozoic landscape development in the Alice Springs
region, with particular reference to the catchments of the Sandover, Bundey and
Woodforde Rivers. Chapter 3 describes the investigative design and the field and
laboratory methods employed in this study.
Chapters 4 to 7 comprise Part II (Fluvial Form and Process). Chapter 4 outlines the
downstream changes in the morphology, hydraulics and sedimentary characteristics of the
Sandover, Bundey and Woodforde Rivers. This chapter provides an introduction to the
various aspects of form and process treated in greater detail in subsequent chapters.
Chapter 5 discusses the character, classification and formation of anabranching channels
in the region and considers the implications for the downstream flux of water and
sediment. Chapter 6 establishes a terminology for floodouts, considers the broad factors
controlling their development and describes the characteristic fluvial landforms in the
distal reaches. It concludes with a discussion of the implications for the classification of
drainage systems in the region. Chapter 7 considers the various processes of floodplain
construction and destruction before focusing on the sedimentary architecture of floodouts.
Part III (Quaternary History and Conclusions) consists of Chapters 8 and 9. Chapter 8
presents the results of TL and U/Th dating of sedimentary deposits in the catchments of
the Sandover, Bundey and Woodforde Rivers.

These provide the basis for the

interpretation of late Quaternary fluvial and climatic change. The chapter also considers
recent channel change in the region against this background of longer term change. In an

attempt to synthesise the findings of this study, Chapter 9 explores the links between late
Quaternary fluvial activity and the present-day fluvial landscape in the Alice Springs
region and discusses concepts of channel behaviour. It concludes with an outline of
future priorities for fluvial research in the region and the field of desert fluvial
geomorphology in general.
1.6

THE NATURE OF DESERT FLUVIAL PROCESS AND FORM

For the purposes of discussion, the term 'desert' is used to signify the warm, hyperarid,
arid and semi-arid regions of the world, which in their general location correspond to
certain areas of the tropics and subtropics (Fig. 1.1). Graf (1988a) prefers the collective
term 'drylands' in assessment of the hydrology and fluvial geomorphology of such areas,
considering that the term 'desert' is more of a botanical than a hydro-climatic concept.
Nevertheless, it is upon the criterion of aridity that the scientific definition of deserts has
generally hinged (Cooke et al, 1993; Parsons and Abrahams, 1994) and thus the term
'desert' is retained in the present context.
Given the great variety of fluvial processes and forms in desert regions, research
publications in several languages and a large number of unpublished sources, a
comprehensive review of desert fluvial research is beyond the scope of this study.
Recent reviews of various aspects of the hydrology and fluvial geomorphology of deserts
have been provided by Graf (1988a), Reid and Frostick (1989), Thornes (1994a, b),
Cooke et ai, (1993), Knighton and Nanson (in press) and Nanson and Tooth (in press)
and these provide material additional to that presented here. The aim here is simply to
provide a general overview of the field, to draw out certain themes and to provide the
context for the findings of this study.
1.6.1

Location

of desert

fluvial

research

Despite the relative neglect of desert rivers as a topic for research, such rivers have
figured strongly in the development of the science of fluvial geomorphology largely as a
result of early work in the American southwest (Graf, 1988a; Reid and Frostick, 1989).
For example, semi-arid field sites provided the setting for much of the early research on
hydraulic geometry (Leopold and Miller, 1956), the behaviour of arroyos and
discontinuous gullies (Leopold and Miller, 1956; Schümm and Hadley, 1957) and the
processes of erosion and deposition (Schümm, 1960a, 1961a, b). Much of this early
work was summarised in the text by Leopold et al (1964) which, by attempting to
establish quantitative relations between channel processes and forms, provided great
impetus for the study of rivers in general (Reid and Frostick, 1989).

In addition to these early studies, more recent work on the desert rivers of the American
southwest has continued to impact far beyond this immediate environment. For instance,
the semi-arid rivers of this region have featured strongly in the development of concepts
which are now ingrained in the general fluvial literature, such as thresholds (e.g. Patton
and Schümm, 1975; Bull, 1980), stream power (e.g. Bull, 1979; Graf, 1983c), and
magnitude-frequency of process (e.g. Baker, 1977; Wolman and Gerson, 1978).
Despite the undoubted importance of the general concepts emerging from the research in
the American southwest, however, studies of process and form in desert rivers have
tended to emphasise those fluvial landforms which are particularly distinctive in this
setting, such as arroyos, badlands and alluvial fans. On a global basis, however, these
landforms are of less general importance, either being more restricted in occurrence
and/or less distinctive features of the desert fluvial environment. The Australian deserts,
for instance, have very few arroyos, badlands or active alluvial fans.
This imbalance in the location of desert fluvial research has, to some extent, been rectified
by recent studies in other arid and semi-arid regions, most particularly in Israel, Kenya,
Spain and Australia. Research here has tended to follow along the American principles
(Cooke et al, 1993a) but has documented other aspects of desert fluvial process and
form. The Israeli research, for example, has provided much valuable information on
processes of flow and sediment transport in mountainous desert rivers. In particular, the
ongoing monitoring of Nahal Yael, Yatir, Hebron and Og in the Negev and Judean
Deserts (e.g. Schick, 1980; Schick et al, 1987a, b; Laronne and Reid, 1993; Reid et al,
1995) has provided a data base which now extends back over three decades.
Long-term monitoring of flow and sediment transport is virtually non-existent in the
Australian deserts, but research here has documented many unusual aspects of desert
fluvial geomorphology, such as the wanderrie banks of the Western Australian shield
(Mabbutt, 1963) and the extensive anastomosing systems of western Queeensland (Rust,
1981; Rust and Nanson, 1986; Nanson et al,

1986, 1988; Knighton and Nanson,

1994b). Studies such as these provide hints of far greater diversity in fluvial process and
form within the desert regions of the world than has hitherto been recognised (cf.
Knighton and Nanson, in press).
1,6,2

Distinctiveness

of the desert hydrological

and

fluvial

environment

Despite the importance of the early studies in the American southwest, and the results of
later research both in this and other desert regions, it is more the case of late that the study
of desert rivers has been neglected relative to rivers in the more humid regions of the

world. Thus, the development of theory for desert rivers has to a large extent relied on
theory imported from these better watered regions, an approach which can bring
problems because the nature, magnitude and frequency of many hydrological and fluvial
processes in deserts are often quite dissimilar to those in more humid regions (Graf,
1988a; Thornes, 1994a).
Whilst in reality there is a continuum of conditions from hyperarid to very humid, it has
nonetheless become convenient to regard arid rivers and humid rivers as distinct groups
(Knighton and Nanson, in press). As such, the differences between desert and temperate
hydrology and fluvial geomorphology is a theme that pervades many commentaries on
desert regions (e.g. Rodier, 1985; Graf, 1988a; Reid and Frostick, 1989, 1994; Cooke et
al., 1993; Thornes, 1994a, b; Knighton and Nanson, in press; Nanson and Tooth, in
press).
A sunamary of the general findings from this body of literature is useful in that it can
provide an insight into the distinctive hydrodynamics of desert landscapes, and it may
also provide an indication of the possible nature of processes in relatively little studied
regions such as the Australian deserts. The remainder of this chapter provides a summary
of the distinctive characteristics of the desert hydrological and fluvial environment, by
outlining the processes of hillslope runoff and sediment production and then exploring in
greater detail the implications for river channel processes and forms. It closes with a
discussion of deficiencies in desert fluvial research.
1.6.2.1 Hillslope hydrological and sediment transport processes
The largest expanses of warm deserts are in the tropics and sub-tropics (Fig. 1.1) and thus
are generally located beneath predominating warm, dry, stable high pressure cells.
Occasionally, however, these fundamentally dry areas are penetrated by influxes of moist
air and precipitation is generated by rain-bearing low-pressure systems, monsoonal or
tropical cyclonic depressions or local convective thunderstorms (Cooke et al, 1993). In
the higher parts of some arid areas, such as in the southwest USA, a significant
proportion of the annual precipitation may fall as snow.
Irrespective of the source of precipitation, a feature common to all deserts is that annual
precipitation totals are not only relatively low but are also extremely variable, both in time
and space, and are greatly exceeded by potential rates of evaporation. When rainfall
occurs, daily or monthly precipitation totals can often far exceed long-term average annual
totals (Cooke et al, 1993). By the same token, long dry spells of below average annual
rainfall are common to many desert regions. As a result, the interannual variability of

rainfall is typically large (Goudie, 1987; Thornes, 1994a) and becomes more so as the
degree of aridity increases (Bell, 1979).
As well as high temporal variability, high spatial variability of rainfall is chai'acteristic of
many desert regions. This is particularly so for moderate to large drainage basins (>100
kmO or for catchments where small convective thunderstorms are an important source of
moisture. The cells of convective storms often have diameters that are less than 10-14 km
(Diskin and Lane, 1972; Renard and Keppel, 1966) and their small size accounts for
much of the locally highly concentrated rainfalls characteristic of many deserts (Thornes,
1994a).
In addition to high temporal and spatial variability, the erosional effectiveness of
raindrops is generally very high (Thornes, 1994a) as rainfall often occurs at high
intensities over ground with a sparse or non-existent vegetation cover. Furthermore, high
intensity rains and low interception losses often occur in combination with large areas of
bare rock and low soil infiltration capacities, which result in the rapid onset of runoff
even from low rainfall amounts.

Hence, runoff coefficients - which express the

proportion of rainfall converted to runoff - tend to be high in desert regions (Rodier,
1985; McDermott and Pilgrim, 1983).
Runoff in deserts is dominated by Hortonian overland flow with processes such as
throughflow, saturation overland flow and groundwater flow at best making only minor
contributions (Yair and Lavee, 1985; Thornes, 1994a). Although Hortonian overland
flow dominates the hydrology of arid areas, its pattern is not spatially uniform (Bryan and
Campbell, 1986; Faulkner, 1990) and is greatly influenced by soil infiltration rates as
controlled by surface properties such as soil crusts (e.g. Yair, 1990), the disposition of
stones (e.g. Poesen et ai,

1990; Abrahams and Parsons, 1991; Dunkerley, 1995),

vegetation (e.g. Thornes, 1985; Faulkner, 1990; Francis and Thornes, 1990) and
microtopography (e.g. Dunne et al, 1991).

In deserts, high runoff coefficients, the limited protection offered by typically sparse
vegetation and the predominance of overland flow means that sediment is readily
entrained by surface runoff. Desert hillslope surfaces are often finely dissected, with
Abrahams et al. (1986), Thornes et al. (1990), Dunne et al. (1991), Baird et al. (1991) all
having drawn attention to the influence of surface stones and vegetation in concentrating
the flow into rills and then gullies. As a consequence, drainage densities tend to be high
in many desert regions - sometimes exceeding 100 km/km" (e.g. Reid and Frostick,
1987) - but due to rapid direct evaporation of surface water and subsequent losses to

infiltration, desert drainage networks are often poorly connected, especially in the lower
parts of the catchment.
Despite its typically sparse distribution, vegetation can exert a significant influence on the
suite of hillslope runoff and sediment transport processes in deserts, such as the patterns
and rates of infiltration and erosion (Graf, 1988a; Cooke et al, 1993; Thornes, 1994a).
Vegetation cover and health often fluctuates temporally, however, in response to periods
of above and below average rainfall, periodic fire or grazing pressure, and this has
implications for hillslope runoff and sediment production. Documented examples of the
periodic increases in sediment from desert hillslopes under conditions of decreased
vegetation cover resulting from drought, fire and/or grazing are provided in Wells (1981),
Laird and Harvey (1986), Graf (1988a), Thornes (1990) and Pickup (1991).
1.6.2.2 Channel hydrological processes
As a consequence of low annual precipitation amounts, long periods without rainfall, and
the negligible contributions from groundwater, the flow regime of desert rivers is usually
ephemeral: channels remain dry for much of the time and only occasionally carry flows.
Intermittent or perennial flow regimes may occur where floods occur as a result of
seasonal rainfall or snowmelt, in areas of groundwater resurgence or in rivers originating
outside the desert region (allogenic drainage).
Hence, with the exception of the perennial, mainly through-flowing rivers, most desert
rivers are characterised by periods without flow. As a result, studies of processes in
desert channels are dominated by the analysis of flood events (Graf, 1988a; Frostick et
al, 1983). In the general fluvial literature, floods are often defined in relation to
experiences in more humid regions - such as by reference to the near, or complete,
exceedance of bankfull - but in drylands a flood event occurs whenever there is water in
the normally dry channel, irrespective of the amount (Graf, 1988a). Nevertheless,
several authors (e.g. Leopold and Miller, 1956; Schümm and Lichty, 1963) have
qualitatively referred to the variable size of floods, as this can be important for processes
of sediment transport and channel change (Section 1.6.2.4).
In addition to the variable size of floods, the nature of floodwaters in desert regions can
also vary from entirely channelised, to partly channelised, to largely unchannelised
(Tunbridge, 1981; Olsen, 1987). In Australia, for example, partly channelised flows
occur widely in arid and semi-arid areas where rivers expand to exceptional widths during
major floods (e.g. Williams, 1970a; Nanson et al, 1988; Pickup, 1986, 1991; Gale and
Bainbridge, 1990) and floodwaters diffuse across broad, low-gradient plains. Examples

of unchannelised flows are best provided by the numerous reports of 'sheetfloods' from
piedmont settings in deserts worldwide (McGee, 1897; Jutson, 1919; Davis, 1938;
Hogg, 1982; Graf, 1988a, b) but unchannelled flows can also occur in the lower parts of
river valleys (Sullivan, 1976; Mabbutt, 1977; Pickup, 1991). Despite this variation in the
nature of floodwaters, most attention has focused on channelised floods. This can be
justified because the dominant fluvial processes and forms are generally in alluvial
channels on basin and valley floors (see Graf, 1988a) and, similarly, this is the approach
taken in the present discussion.
Graf (1988a) identifies four types of flood in desert rivers: flash floods, single peak
events, multiple peak events and seasonal floods. Most commentaries on floods in desert
rivers generally refer to the characteristics of flash flood hydrographs, which are typically
produced by convectional precipitation in small (<100 km^) drainage basins. As a result
of the high runoff coefficients and the overriding importance of Hortonian overland flow
in runoff production, these hydrographs are characterised by steep rising and receeding
limbs and a short time base (e.g. Walters, 1989). Less well documented are the single
and multiple peak floods generated by tropical storms or frontal systems or the seasonal
floods associated with seasonal snowmelt or rainfall. Knighton and Nanson (in press)
consider that in moving from single peak, to multiple peak to seasonal floods there is a
corresponding reduction in the steepness of the rising limb of the hydrograph and a
broadening of the time base of the flood.
Despite variation in the properties of individual floods, many aspects of flood hydrology
in deserts contrast with those of more humid regions. These contrasts are most apparent
in terms of runoff volumes and flood magnitudes. With regard to runoff volumes, the
low annual precipitation in deserts inevitably means low annual runoff in comparison to
perennial rivers with the same size drainage area, and slower increases in annual runoff
with increasing drainage area (Wolman and Gerson, 1978; Reid and Frostick, 1989).
Furthermore, desert rivers are characterised by greater interannual variability in runoff
totals than for perennial rivers. For any given drainage area, there is a far greater range in
runoff values among ephemeral streams than for perennial streams (Reid and Frostick,
1989) and runoff variability increases as annual runoff totals decrease (McMahon, 1979;
Rodier, 1985). For instance, in Australia and North America, mean annual runoff is
about twice as variable in the arid zones as in the continental area as a whole (McMahon,
1979).
In terms of flood magnitudes, desert regions are typically characterised by a greater ratio
of high to low flows (McDermott and Pilgrim, 1983) which results in highly skewed
flood frequency distributions. Regional and relative flood frequency curves are usually

very steep for desert regions as the slopes are typically set by a few very large, rare
events. Figure 1.3 shows regional flood frequency curves in which floods of various
return periods are expressed as a proportion of the mean annual flood. The flood
frequency curve for arid basins illustrates the extreme flood behaviour characteristic of
desert rivers (Knighton and Nanson, in press). For arid basins, the 100-year and 1000year floods are around 6 and 16 times the size of the mean annual flood, respectively,
whereas for humid regions of Europe and North America the increases in relative flood
magnitudes are much lower (Fig. 1.3). In addition, despite the low annual runoff totals,
there is some evidence of similarities in peak flood discharges for ephemeral and
perennial rivers with the same size drainage basin (Wolman and Gerson, 1978).
Furthermore, data for flash floods in the conterminous United States even indicate that the
largest discharges per unit area in small drainage basins (0.39-370 km ) have all occurred
in arid and semi-arid areas (Costa, 1987).
Although desert rivers as a whole demonstrate similarities in many aspects of flood
hydrology, conditions across desert regions are far from uniform and considerable interregional differences exist. For instance, there are indications that the rivers of the
Australian and South African arid zones are characterised by more highly variable flow
regimes and annual floods than for other parts of the world, whereas rivers in the North
American arid zone are more reliable than those found elsewhere (McMahon, 1979;
Finlayson and McMahon, 1988; McMahon et al, 1992). Finlayson and McMahon
(1988) suggest that the more variable discharges characteristic of Australian and South
African rivers are possibly related to a greater transfer of rainfall variability to variability
of effective rainfall due to the higher rates of evaporation typical of these continents.
Similar inter-regional differences exist in terms of peak flood discharges: for instance,
McMahon (1979) showed that eastern Mediterranean streams produce higher specific
mean annual peak discharges than those in other arid areas, whereas for arid Australian
streams specific mean annual peak discharges tend to be lower than elsewhere. In
addition, specific mean annual peak discharges in North American arid streams are much
less variable than in other regions.
In a spatial (downstream) as well as a temporal sense, floods in desert rivers exhibit
distinctive characteristics which differentiates them from floods in more humid regions.
Irrespective of the source of floodwaters, floods in desert rivers are generally subject to
a reduction in volume between upstream and downstream points in a channel system.
The principle cause of the downstream reduction in flow volume are transmission losses
resulting from infiltration of floodwaters into the unconsolidated alluvium forming the
channel boundary with further losses resulting from overbank flooding and evaporation
of floodwaters (Keppel and Renard, 1962; Sharp and Saxton, 1962; Thornes, 1977;
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Figure 1.3 Regional flood frequency curves, illustrating the large increases in relative flood
magnitude (Q/Q^ss) characteristic of arid and semi-arid regions. The curve for Cooper Creek
demonstrates the extreme flood behaviour characteristic of many Australian rivers (Knighton and
Nanson, in press, based partly upon Farquharson et al, 1992 and Lewin, 1989).

Walters, 1990; Hughes and Sami, 1992; Kelly and Olsen, 1993a). Downstream
reductions in flow volume are often negligible for small drainage basins and for bedrock
streams, but for larger desert rivers they can be of great importance with many smaller
flows failing to travel the full length of the channel. Hence, in combination with
hydrograph attenuation, and in the absence of appreciable tributary inflow in the lower
parts of the catchment, transmission losses impart a distinctiveness to the desert fluvial
system by producing significant downstream decreases in total runoff volumes, flood
peaks, and flow frequencies (Vanney, 1960; Keppel and Renard, 1962; Mabbutt, 1977;
Walters, 1989; Kotwicki and Isdale, 1991; Hughes and Sami, 1992; Lekach et al., 1992;
Knighton and Nanson, 1994a; Sharma et ai, 1994). Figure 1.4 provides an example
from the Guir-Saoura-Messaoud catchment in the northwestern Sahara.
The magnitude of transmission losses for a given flood event (and hence the survival
length of flow) depends on a complex of interrelated factors including the characteristics
of the storm (e.g. size, position of the storm track, location in relation to the drainage
net), the hydrograph (e.g. flow volume and duration) and the channel (e.g. width of the
wetted perimeter, porosity and initial moisture content of the perimeter sediments) (Reid
and Frostick, 1987; Sorman and Abdulrazzak, 1993; Sharma et aL, 1994). Storm
characteristics assume greatest importance for very large catchments or for catchments
subject to discrete convective storms (Section 1.6.2.1). In these instances, individual
storms are unlikely to affect the entire drainage net, while successive storms are more than
likely to wet different parts of the catchment (Reid and Frostick, 1989; Cooke et al,
1993). Hence, tributary catchments can be activated without affecting their neighbours
and tributaries can often flow before the trunk channel. Where such localised flood
patterns occur, transmission losses will vary fromfloodto flood according to the variable
pre-wetting of the trunk channel bed by direct rainfall and tributary inflows prior to being
overrun by the flood hydrograph. In such circumstances, Thornes (1977) recognises
three phases of flow: fully integrated flow, where the whole channel is occupied by
flowing water; axial flow, where flow occurs in the main valley axis to progressive
distances downstream; and asynchronous tributary flow, where tributaries contribute to a
dry main channel.
The localised flood pattern common to many desert catchments and the downstream
reductions in discharge principally resulting from transmission losses are in complete
contrast to the majority of flood events in perennial rivers in more humid zones. Despite
this, relatively few studies have explored the implications of these fundamental
differences for the processes of sediment transport and the resulting morphology of desert
rivers. In general, the fluvial geomorphology of deserts has been far less well researched
than many hydrological aspects of desert regions.
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Figure 1.4 The downvalley decrease in the frequency and magnitude of floods in the Guir-SaouraMessaoud catchment, northwestern Sahara:
a.) limits of flooding, showing the downvalley decrease in flood frequency;
b.) flood discharges (m^ x 10^), March 1959, showing the downvalley decrease in flood magnitude.
(Mabbutt, 1977, after Vanney, 1960).

1.6.2.3 Channel sediment transport processes
Although there is little quantitative data, desert rivers are generally considered to transport
vast quantities of sediment during flood events, both as suspended load and as bedload
(Sharma and Murthy, 1994; Reid and Frostick, 1989; Reid and Laronne, 1995). This
reflects the ready mobiUsation and delivery of material from the thinly vegetated or bare
hillslopes of the catchment and the ready availability of material on the river bed.
a.) Bedload sediment transport:
The main source of bedload in desert rivers is derived by disturbance of the channel
sediments at the onset of flood flows. During a flood event, scour of unconsolidated bed
material occurs on the rising limb of the flood hydrograph with deposition of a more or
less equal amount occurring during flood recession. This process of 'scour and fill' has
been shown to operate both in sandy and gravelly ephemeral rivers (Leopold et al, 1966;
Foley, 1978; Schick et al, 1987a; Hassan, 1990a) as well as in perennial rivers in more
humid regions (e.g. Jackson and Beschta, 1982; Parker et al, 1982). On the basis of
these studies, however, it has been suggested that scour and fill during the passage of a
flood may be greater in ephemeral rivers, for scour appears to be less significant in
perennial gravel-bed rivers where the bed is generally better armoured (Laronne and Reid,
1993; Reid and Frostick, 1994; Laronne et al, 1994; Reid and Laronne, 1995).
By influencing the availabilty of sediment for transport, differences in the degree of
armouring between ephemeral and perennial streams have a number of implications for
rates of bedload transport. For instance, on the basis of field measurements in the Negev
Desert, Israel, Laronne and Reid (1993) suggest that poor armour layer development or
non-layering in ephemeral streams means that they are more effective as bulk sediment
carriers than their perennial counterparts. For five flash floods in the ephemeral, Nahal
Yatir, rates of bedload transport per unit width were higher than for a comparable data set
from the perennial, armoured. Oak Creek, Oregon, over a wide range of unit stream
powers (Fig. 1.5). This illustrates the effect of armour layer development on sediment
availability. Furthermore, the performance of ephemeral streams as bulk sediment
carriers also appears to be less variable. For Nahal Yatir, the efficiency of bedload
transport varies far less with unit stream power than for Oak Creek (Fig. 1.5). This
suggests that transport efficiency in Oak Creek is related to the progressive breakup of the
armour layer and the exploitation of the finer substrate under higher flow conditions
(Laronne and Reid, 1993).
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Figure 1.5 Comparison of the characteristics of bedload sediment transport as a function of specific
(unit) stream power for five flash floods on the ephemeral Nahal Yatir, Negev Desert, as compared to the
winter 1971 dataset of the perennial Oak Creek, Oregon:
a.) unit bedload sediment transport rates, showing the higher transport rates on Nahal Yatir;
b.) efficiency in transporting bedload sediment, showing less variability in the performance of Nahal
Yatir as a bulk sediment carrier. Efficiency (%) is defined as 100ib/(co/tan a ) where it is submerged
weight unit bedload flux-rate, co is specific stream power and a is the internal angle of friction for
cohesionless granular material.
(Laronne and Reid, 1993. Oak Creek dataset derived from Milhous, 1973).

b.) Suspended sediment transport:
Sediment in suspension is provided by three main sources: material brought to the
channel by overland flow, material entrained by bank erosion and material mobilised by
the process of bed scour. Desert rivers typically have very high suspended sediment
concentrations (Frostick et aL, 1983; Reid and Frostick, 1987; Sharma et al, 1984;
Sharma and Murthy, 1994): values of 30-50 g/1 are not uncommon and values of 100 g/1
or more have sometimes been reported (Butcher and Thomes, 1978; Rodier, 1985).
Due to the limited number of measurements of suspended sediment that have been made
during the course of flood events, the temporal dynamics of suspended sediment are less
well understood. On the basis of work in Kenya (Frostick et aL, 1983; Reid and
Frostick, 1987), however, Reid and Frostick (1989) outline several distinctive properties
of the dynamics of suspended sediment transport in ephemeral desert rivers. For
instance, for a given flood event, suspended sediment concentration rises along with
discharge as in perennial streams. Sediment concentrations are high, however, even at
low flows and are less responsive to changes in discharge than in perennial rivers. In
other words, suspended sediment concentrations rise almost instantaneously to high
values and then fall through through time as the discharge peak passes and the flood
recedes. Hysteresis in the relationship between sediment concentration and flow is
evident but less pronounced than in perennial rivers and the size distribution of suspended
sediment varies systematically with water velocity or discharge, also in contrast to the
situation in perennial rivers. Reid and Frostick (1989) suggest that the distinctive
dynamics of suspended sediment transport in ephemeral desert streams might reflect the
fact that particles of all sizes are available for transport, and that transport is dictated by
changes in the hydraulic environment rather than by sediment supply limitations, as is
often the case for perennial rivers.
c.) Total sediment yield:
On the basis of Langbein and Schümm's (1958) oft-cited relationship between annual
sediment yield and effective precipitation, it is generally considered that maximum
sediment yields occur at an annual effective precipitation of approximately 300 mm (i.e.
in semi-arid areas). In areas with effective precipitation in excess of 300 mm, vegetation
growth is promoted which increases surface protection and reduces sediment yields. In
drier areas, the energy available for erosion and transport is limited and thus sediment
yields are lower. Although widely cited as an example of the susceptibilty of desert
regions to surface water erosion (Reid and Frostick, 1994; Reid, 1994; Thornes, 1994a,
b; Knighton and Nanson, in press), Walling and Webb (1983) have questioned the
validity of the relationship. In a review of evidence concerning the relationship between
climate and sediment yield. Walling and Webb (1983) suggest that no simple relationship

exists and that the pattern suggested by the Langbein-Schumm rule is not clearly apparent
in a variety of data sets. Sediment yields at maximum values of precipitation and runoff
are, in some cases, as high as those found at the peak relating to semi-arid conditions.
Despite doubts as to the dominance of semi-arid areas in producing high values of
sediment yield, from the evidence for high bedload flux rates and suspended sediment
concentrations, it is nevertheless clear that sediment yields are generally high in desert
regions. As Laronne and Reid (1993) point out for bedload transport, however, in
assessing total yields in ephemeral rivers (rather than flux-rates measured over short
intervals), the duration and the infrequence of flash floods both have to be taken into
account. Nevertheless, their data (albeit limited) suggests that ephemeral channels, over
time, do indeed deliver more coarse sediment per unit channel width than their perennial
counterparts despite the fact that the ephemeral rivers operate only infrequently.
Furthermore, in contrast to perennial rivers where the wash load component accounts for
the major proportion of the total sediment yield (Walling and Webb, 1983; Reid and
Frostick, 1994), it is thought that bedload makes a far greater contribution to sediment
yield in small desert rivers (Schick et al, 1987b; Laronne and Reid, 1993; Reid and
Frostick, 1994). As such, the high rates of bedload transport in these small channels are
likely to be the main contributory factor to the typically high total sediment yields. By
way of contrast, in large, low-gradient arid and semi-arid catchments, fine-grained
sediment appears to be the dominant component of sediment yield (e.g. Taylor and
Woodyer, 1978; Woodyer et al, 1979; Nanson et al, 1988). For instance, Cooper
Creek in western Queensland is an almost entirely mud-dominated system (Nanson et al,
1988), although importantly much of the mud is transported as bedload in the form of
pedogenic aggregates (Rust and Nanson, 1989, 1991; Maroulis and Nanson, 1996).
As with many other aspects of desert fluvial process, however, there is great temporal
variability in sediment yield. Many authors have commented on the fact that sediment has
a tendency to move through desert fluvial systems as a series of waves, pulses or slugs
over various time periods, ranging from hourly, to annual, to decadal or century-long
bases (e.g. Lekach and Schick, 1983; Graf, 1988a; Rhoads, 1989; Schick et al, 1987b;
Lekach et al, 1992; Thornes, 1994b). These waves of sediment are either the product of
variations in the supply of sediment over time - for instance, in response to the periodic
release of sediment from hillslopes under conditions of fluctuating vegetation cover
(Section 1.6.2.1) - or the product of inherent characteristics of sediment transport
processes in desert streams. For instance, given the highly variable flow regimes, short
hydrograph durations, the non-uniform and unsteady flows and the flow transmission
losses characteristic of desert rivers (Section 1.6.2.2), bedload and suspended load
sediment is likely to move downstream in a series of short, spasmodic steps. Hence,

scour and fill are unlikely to be synchronised, with scour occurring in one reach of the
channel while another reach is aggrading.
Whatever the underlying cause, sediment waves result in a non-linear relationship
between sediment transport and runoff volumes and lead to great temporal variability in
sediment yields. In desert streams, the variabilty of sediment transport is often much
higher than flow variability and therefore is even more difficult to predict (Rodier, 1985).
1.6.2.4

Channel forms

Sediment yield data provide a valuable index of the rate of fluvial denudation in the
upstream parts of the drainage basin (Walling and Webb, 1983) and flow characteristics
and sediment transport rates are important factors influencing downstream channel and
valley development. Despite this, there have been relatively few attempts to explore the
implications of the typically high sediment yields and sediment transport rates for desert
channel form.
a.) Channel patterns:
Braided channels are often considered to be the most common alluvial channel form in
deserts (e.g. Slatyer and Mabbutt, 1964; Mabbutt, 1977; Graf, 1988a) but single-thread,
wide and shallow, planar bed channels are also characteristic of many deserts (Mabbutt,
1977; Reid and Frostick, 1989). Both channel forms are generally considered to reflect
the common catchment conditions of abundant coarse bedloads, highly variable
discharges, and easily erodible banks (Slatyer and Mabbutt, 1964; Mabbutt, 1977; Graf,
1988a).
In turn, the high width-depth ratios and low sinuosities typical of both the braided and
single-thread channels have often been interpreted as enabling greater efficiency of
bedload sediment transport (e.g. Graf, 1988a). High width-depth ratios, for instance, are
often thought to enable greater bedload transport by directing a greater proportion of shear
stress at the bed (Mabbutt, 1977) or by maintaining relatively high values of grain
exposure (water depth: bed grain diameter) throughout flood events (Reid and Frostick,
1989). Low sinuosity acts to encourage greater bedload transport in two ways: first, by
maximising energy slopes for a given channel slope it increases the shear available on the
bed of the channel (Graf, 1988a); and second, it reduces loss of energy due to the
frictional resistance of channel bends (Mabbutt, 1977). Although the links between
channel width and efficiency of bedload transport are a subject of considerable debate in
the geomorphic and engineering literature (Carson and Griffiths, 1987), these examples
nevertheless serve to illustrate how, in some instances, desert channel morphology can be

seen both as a product and a contributory factor to the high sediment yields typical of
many desert regions.
In contrast to the relatively well-documented braided and single-thread channel types,
other channel patterns in deserts have received far less attention. Graf (1988a) considers
meandering channels to be relatively rare in desert regions, although they may occur on
those perennial streams with source areas in mountain zones or streams in semi-arid
settings with relatively dependable water supplies. In compound channels, however,
such as characterise many rivers in the American southwest (Graf, 1988a), a single
meandering channel may be nested inside a larger braided channel. Low flows occupy
the smaller meandering channel while higher flows flow more directly down-gradient
through the wider 'braided' portion of the channel pattern. Compound channels can be a
stable channel form but they also develop in the transition from braided to meandering
streams which sometimes follows a period of channel widening (Graf, 1988a).
Anastomosing channel patterns have also been described from several arid and semi-arid
locations (Rust, 1981; Nanson et al, 1986; Schumann, 1989; Knighton and Nanson,
1994b). They are particularly well-developed in the low-gradient, Channel Country of
southwest Queensland where the anastomosing channels occur in conjunction with a
system of floodplain braided and reticulate channels (Rust and Nanson, 1986; Nanson et
al, 1986). Anastomosing channels are now considered to form a fme-grained subset of
the larger category of anabranching rivers (Nanson and Knighton, 1996) and although
there have been few detailed descriptions to date, anabranching patterns also are
characteristic of many rivers in arid and semi-arid regions of Australia, particularly for
low-gradient rivers transporting large volumes of sands and gravels (Nanson and
Knighton, 1996). Recently, there have been suggestions that, in situations where
gradients cannot be increased or where they have been locally reduced, anastomosing and
anabranching patterns are the most efficient channel form for the transport of water and
sediment (Nanson and Knighton, 1996; Nanson and Huang, in press).
Distributary channel patterns have been described from a number of arid and semi-arid
settings, particularly from alluvial and terminal fans (Mukerji, 1975, 1976; Bull, 1977;
Friend, 1978; Parkash et al, 1983, Abdullatif, 1989) and the distal reaches of ephemeral
rivers in Australia (SulHvan, 1976; Mabbutt, 1977). In contrast to single-thread, braided,
anastomosing and anabranching channel patterns, distributary channels have often been
interpreted as an indication of decreasing sediment transport efficiency where bedload
channels are subject to declining downstream flows and channel gradients (e.g. Sullivan,
1976; Mukerji, 1976; Kelly and Olsen, 1993a).

Other desert channel forms are more difficult to describe in terms of traditional planform
classifications. For instance, arroyos are common in many desert environments and
represent a special type of channel, for the arroyo cross-section is not a channel as such
but represents a trench with a channel in the bottom (Graf, 1982, 1983a, c).
Furthermore, in contrast to the relatively large numbers of descriptions of alluvial channel
forms and despite large areas of rock outcrop in many deserts, there is very little
information regarding bedrock channel forms. Hence, the recent work on bedrock steps
and bedrock channel incision in Israeli desert streams (Wohl and Grodek, 1994; Wohl et
al, 1994) provides a valuable contribution to the literature.
b.) Temporal aspects of channel change:
Due to the concern with the widespread channel erosion in the American southwest in the
late 1800s and early 1900s, much of the early literature on temporal change in desert
rivers was concerned with the causes of arroyo cutting and gully development (Cooke
and Warren, 1973; Cooke and Reeves, 1976; Graf, 1983a). Thornes (1994b) provides a
summary of later field-based and experimental work on channel initiation, headcut
propogation and knickpoint migration in desert channels.

Despite these studies,

however, there have been few detailed studies of the processes of erosion in natural
desert channels, in part due to the difficulties of direct observation during flood events.
Nevertheless, there are numerous studies of the major historical channel changes resulting
from one or more large flood events in desert rivers (Vanney, 1960; Schümm and Lichty,
1963; Burkham, 1972; Thornes, 1977; Finley and Gustavson, 1983; Graf, 1983b, c;
Saarinen et al, 1984; Baker, 1977, 1984a; Harvey, 1984; Osterkamp and Costa, 1987;
Kresan, 1988). Channel changes have included adjustments of channel pattern (Graf,
1988a), pronounced widening (Schümm and Lichty, 1963; Burkham, 1972; Osterkamp
and Costa, 1987), rapid lateral migration (Graf, 1983b) and entrenchment (Graf, 1983c).
The rapid enlargement of the Santa Cruz River during the Tucson flood of October 1983
is one of the most widely documented examples of flood-related channel change in
deserts (Baker, 1984a; Saarinen et al, 1984; Kresan, 1988).
In addition to the channel changes occurring on a historical timescale, the sedimentary
record in many deserts suggests that the the long-term histories of many desert rivers
have been characterised by repeated large floods. Slackwater deposits preserved in
bedrock canyons have proved particularly instructive in this regard and have been widely
used to unravel the history of flood events in desert watersheds (Patton et al, 1979;
Kochel et al, 1982; Baker et al, 1983a, b; Ely and Baker, 1985; Partridge and Baker,
1987; Pickup et al, 1988; Smith, 1992; Ely et al, 1993; O'Connor et al, 1994; Wohl et
al, 1994). In central Australia, these high-magnitude floods have been shown to have

had a dramatic effect on downstream alluvial reaches (Pickup, 1991; Patton et al, 1993),
a process which is likely to have affected many other desert areas.
The study of large-scale, flood-related channel changes in desert rivers parallels a recent
return of interest to the study of 'catastrophic' floods in other fluvial environments
(Mayer and Nash, 1987; Baker et al, 1988; Beven and Carhng, 1989). A large number
of studies have suggested, however, that large or catastrophic floods take on special
significance in desert environments. 'Sensitivity' is a term which has been employed in
different ways in the fluvial geomorphic literature (Downs and Gregory, 1993) but it has
often been used to indicate either the propensity for flood-related channel change or the
ability to recover from change. On both accounts, desert channels are often considered to
be more sensitive to the effects of large or catastrophic floods.
First, it has been suggested that desert channels are more susceptible to the erosive effect
of large floods. For example, the limited resistance of predominantly sandy bank
materials and the relative paucity of restraining vegetation has often been suggested to
facilitate the adjustment of desert channels to the effects of flood flows (Slatyer and
Mabbutt, 1964; Mabbutt, 1977; Wolman and Gerson, 1978). However, even channels
heavily vegetated with phreatophytic plants and seasonal herbs and grasses are often
subject to flood-related channel change. Destruction of in-channel vegetation by large
flood flows have been reported in many desert channels (e.g. Baker, 1977; Fisher et al,
1982; Osterkamp and Costa, 1987) although the process thresholds giving rise to
vegetation removal are little known (Thornes, 1994b).
Second, the effects of large floods are thought to have more of a lasting influence on
desert channel morphology than for channel morphology in other fluvial environments.
The term 'recovery' is often used to describe the channel changes that take place
following the impact of a catastrophic flood which return the channel to near its pre-flood
condition (Wolman and Gerson, 1978; Graf, 1988a; Pitlick, 1993). Flood frequency
curves for desert rivers are often relatively steep (Fig. 1.3), indicating the large increase in
relative flood magnitudes, and frequently skewed, reflecting the large ratio of high to low
magnitude flood flows. This means that the magnitude of the geomorphically effective
flood events are likely to be large (Graf, 1988a; Richards, 1982) and the number of low
and intermediate magnitude flows capable of repairing flood damage in the intervals
between large floods relatively limited. Hence, following catastrophic flood events,
desert rivers typical experience long recovery times in comparison to perennial channels
in more humid environments (Wolman and Gerson, 1978). This means that the impact of
major floods often persists for long periods of time with channel forms sometimes
representing the effects of the last major flood.

Many studies have referred to the key role of vegetation in enabling channel recovery
following the disruption resulting from major floods in desert rivers (e.g. Schümm and
Lichty, 1963; Burkham, 1972) although there are few details as to the processes
involved. For the perennial, sand-bed channel of Plum Creek in the arid region of the
Great Plains, USA, Osterkamp and Costa (1987) have documented the role of vegetation
in channel recovery following a catastrophic flood. Channel narrowing and floodplain
reconstruction in the post-flood period occurred as a result of the influence of newlyestablished vegetation on rates of aggradation of channel bars and on the formation and
growth of mid-channel islands (Osterkamp and Costa, 1987), processes which may well
aid the recovery of other desert channels. In the case of Plum Creek, recovery of channel
width to near its pre-flood width occurred over some twenty years (Fig. 1.6) whereas
along the Gila River in Arizona, recovery of channel width following a series of large
floods in the period 1905-17 occurred during the ensuing 50 years, as vegetation reestablished (Burkham, 1972).

In extremely arid regions where sediment-trapping

vegetation is rare, vegetation growth is minimal and restorative flows less frequent,
recovery from flood damage may be far longer. Indeed, Wolman and Gerson (1978)
even suggest that in some desert regions destructive floods should essentially produce
nearly irreparable and hence progressive changes in channel morphology.
The range of evidence suggesting that desert channels are more sensitive to the effects of
catastrophic floods indicates that many aspects of channel development are dominated by
flood events towards the high magnitude-low frequency end of the spectrum. This is in
contrast to more humid areas, where despite considerable debate surrounding the relative
importance of gradual versus catastrophic change as a mechanism for landscape change
(e.g. Wolman and Miller, 1960; Hack and Goodlet, 1960; Wolman and Gerson, 1978;
Pierson, 1980; Jacobson et al, 1989; Miller, 1990), a relatively narrow range of flows of
intermediate magnitude is generally thought to control most aspects of channel
development.
c.) Spatial aspects of channel change:
Whilst there are a relatively large number of studies on the temporal aspects of channel
dynamics, far less is known about the spatial aspects of channel change, either in
response to individual floods or in the downstream direction. Key exceptions in this
regard are provided by the various studies of Graf: for instance, the spatial decline in the
depth of arroyos (Graf, 1982), the spatial and temporal changes of stream power and
flood-related change for arroyo networks (Graf, 1983c) and the spatial patterns of channel
instability along sand-bed, braided rivers (Graf, 1981, 1983b, 1984).
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Figure 1.6 Channel and vegetation changes. Plum Creek valley, Colorado, 1964 to 1983 (Osterkamp
and Costa, 1987).

These examples of spatial channel changes in response to floods notwithstanding, many
aspects of downstream change in desert channels are poorly understood. While the
overlapping distribution of b-f-m exponent sets from humid temperate and semi-arid
streams suggests that regional climatic controls on at-a-station hydraulic geometries are
relatively unimportant (Park, 1977; Rhodes, 1977; Richards, 1982), greater differences
are apparent in downstream hydraulic geometries. For ephemeral semi-arid arroyos in
New Mexico, Leopold and Miller (1956) found that the downstream rate of increase in
depth with discharge of constant (but unknown) frequency, given by the exponent f, is
lower than the average for perennial humid temperate channels. Conversely, the rate of
increase in velocity, given by the exponent m, is greater. Although Leopold and Miller
(1956, p. 13, 15) expressed reservations about the small number and accuracy of their
observations, their findings have been subsequently widely cited as an example of the
differences in downstream adjustments of ephemeral and perennial channel flow
geometry.
As Mabbutt (1977) noted, however, the ephemeral channels in New Mexico studied by
Leopold and Miller (1956) are tributary to the Rio Grande, which is in a desert region
drained to the ocean. Their catchments of a few hundred square kilometres possess
integrated channel networks in which the Horton laws relating stream order to stream
width and the number and length of channel segments were shown to apply, and in which
a downstream increase in discharge reflects the concomitant increase in effective
catchment area. For many desert rivers, however, particularly large rivers in basins of
interior drainage where there are marked downstream decreases in flood peaks, runoff
volumes and flood frequency (Section 1.6.2.2), the hydraulic geometry relationships of
Leopold and Miller (1956) may not apply.
For instance, in contrast to most perennial rivers in sub-humid and humid regions,
where stream width generally increases linearly with drainage area, data for rivers in
different semi-arid, arid and extremely arid areas (Wolman and Gerson, 1978) suggests
a rapid increase of channel width in small to moderate size basins but with width
approaching a fairly universal asymptote value of 100-200 m once the drainage basin
has exceeded about 50 km^ (Fig. 1.7a). Wolman and Gerson (1978) attribute this
pattern of downstream change in channel widths to several factors acting alone or in
combination: the generally small effective storm sizes in deserts (10-100 km^) meaning
that simultaneous runoff from a larger drainage area is only rarely achieved; the
widening of channels by extreme flows until they are wide enough to accommodate the
largest available discharges; the decreasing probability of bank erosion by low flows as
the channels - typically braided - grow wider; the lack of recovery of channel widths in
truly arid regions where vegetation is very sparse or absent; and the higher rates of
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Figure 1.7 Contrasting patterns of downstream change in channel width for ephemeral channels:
a.) relationship of bankfull channel width to drainage basin area in different environmental settings,
showing the high rates of increase in the headwaters of semi-arid, arid and extremely arid streams and the
change to a fairly steady stream width once catchments exceed about 50 km^ (Knighton and Nanson, in
press, modified after Wolman and Gerson, 1978. Data compiled from several sources: semi-arid streams
located in central New Mexico (Leopold and Miller, 1956; Miller, 1958); arid streams in Death Valley;
and extremely arid streams in the Negev and Sinai);
b.) Pulio Rambla, Spain, showing oscillations in total channel width superimposed on an overall
downstream increase. Total channel width refers to the maximum gravel width, identified in the field by
the walls of the alluvial valley fill. Upstream is on the right and arrows indicate major tributary inflows
(Thomes, 1976b);
c.) Fowlers and Sandy Creek, Barrier Ranges, western New South Wales, showing downstream
decreases in channel width below the gorge-like exits onto the flanking plains (based on data provided in
Dunkerley, 1992).

infiltration that occur in widening channel beds meaning that discharge values diminish or
increase at a slower rate downstream.
Different patterns of downstream change in channel width have been reported from other
arid and semi-arid environments. For instance, along small channels in southeastern
Spain, Thornes (1976a, b, 1977) has described oscillations in the width of low flow
channels which are superimposed on an overall downstream increase in the width of the
valley train (Fig. 1.7b). These downstream changes in width have been ascribed to
spatially variable patterns of scour and deposition occuring in response both to individual
large floods and to smaller, low-flow events (Thornes, 1976a, b, 1977). Thornes (1974,
1976a, 1977) has discussed the limitations of conventional hydraulic geometry for
explaining these downstream patterns of change in width. Furthermore, in other arid and
semi-arid settings, channels often decrease in width downstream (Fig. 1.7c), usually in
combination with decreasing channel depths and capacities. Ultimately, the surface
course of channels may disappear to be followed by a transition to aeolian or lacustrine
environments. Declining channel size and the eventual disappearance of channelised flow
has been reported from a number of arid and semi-arid locations around the world (e.g.
Dubief, 1953; Mabbutt, 1977; Rodier, 1985; Dunkerley, 1992; Kelly and Olsen, 1993a,
b) but there have been few detailed studies of the associated fluvial processes and forms.
d.) Sedimentary structures and bedforms:
In contrast to the relative paucity of information regarding desert channel form, there is a
large literature on sedimentary bedforms and structures in sandy, ephemeral rivers (e.g.
McKee et aL, 1967; Wopfner, 1970; Williams, 1971; Karcz, 1972; Lucchita and
Suneson, 1981; Parkash et aL, 1983; Sneh, 1983; Stear, 1985; Zwolinski, 1985;
Shepherd, 1987; Abdullatif, 1989; Bourke, 1994). Picard and High (1973) provide an
atlas of many of these bedforms and their internal structures as well as some
interpretations of the environmental significance in terms of processes of flow and
sediment transport. To a large extent, this large number of studies reflects the commercial
importance of ancient sandstones as reservoirs for hydrocarbons (Glennie, 1987a) but
also the fact that the analysis of static deposits often provides the only source of
information about the processes of flow in ephemeral rivers (Graf, 1988a; Reid and
Frostick, 1989).
Despite the great variety of deposits in ephemeral streams, certain features are common.
Reid and Frostick (1989) consider that there are at least three attributes that distinguish
ephemeral from perennial stream deposits: the characteristically thin beds (0.1-0.3 m
thick) in sands and pebbly sands; the predominance of horizontal lamination (see, for
instance, McKee et aL, 1967; Frostick and Reid, 1977; Tunbridge, 1981); and the

widespread presence of mud drapes and mud intraclasts. Following Glennie (1987b),
Thomas (1989c) provides a range of other criteria that may assist in the identification of
ancient desert stream deposits such as the common association with aeolian deposits and
cementation with calcite.
In contrast to the large number of studies of sandy, ephemeral streams, there is very little
information regarding the small-scale bedforms and sedimentary structures of gravelly
desert streams. Studies of gravelly desert stream deposits have mainly concentrated either
on the processes of scour and fill (Schick et aL, 1987a, b; Hassan, 1990a, 1993) or on
the downstream trends in the size and sorting of transported bed material (e.g. Hugo and
Hattingh, 1971; Frostick and Reid, 1979, 1980; Mayer et aL, 1984; Tharp, 1984;
Rhoads, 1989; Dunkerley, 1992). Descriptions of piedmont sheetflood bedforms (Wells
and Dohrenwend, 1985) and the stepped-bed morphology developed in channels in the
southwest US and Israel (Wertz, 1964, 1966; Bowman, 1978; Wohl and Grodek, 1994)
provide some of the few documented examples of gravelly bedforms. Hence, as for
perennial rivers in more humid areas, the limited number of descriptions of gravelly
bedforms means that palaeoflow estimates and environmental interpretation for coarse
alluvial sediments are not as well advanced as for sandy deposits (Rust and Gostin, 1981;
Collinson and Thompson, 1982).

Graf (1988a) considers that theoretical explanations for the spatial variations of particle
parameters in desert rivers are generally at an embryonic stage of development. Much
that is known is derived from work in other (generally humid) environments and the
extension of this work to desert streams remains to be tested. For instance, the results of
research from humid environments indicate that downstream trends in particle size and
sorting reflect a variety of factors such as lithology and mineralogy, the initial size of
material supplied, patterns of sediment supply/dehvery, abrasion, downstream changes in
flow competence and size selective entrainment and transport (Reid and Frostick, 1994).
Differences in the flow characteristics of desert streams, however, such as the
infrequency of flows, the short duration of flood events, flow transmission losses, and
the relative lack of tributary inputs beyond the headwaters may mean a different mix of
processes from more humid areas. For example, in contrast to the prominence sometimes
given to the role of abrasion as the primary cause of downstream decline in grain size in
many studies from humid environments (e.g. Sternberg, 1875; Bradley, 1970; Schümm
and Stevens, 1973), the relatively short duration of active bedload movement in
ephemeral channels suggests that decreasing flow competence is probably the main factor
controlling patterns and rates of downstream fining (e.g. Rhoads, 1989; Dunkerley,
1992).

2>1
1,6.3

Process-form

relationships

in desert

rivers

From this brief review of desert fluvial research, a number of generalisations can be made
with regards to the nature of desert fluvial process and form. Understanding the
interaction between process and form over various timescales remains basic to fluvial
geomorphology but in desert regions a range of complicating factors impinge upon
attempts to achieve this objective.
In particular, given the practical problems of directly observing and instrumenting
processes of flow and sediment transport during floods in desert rivers, most studies
have been restricted to indirect approaches to the estimation of process. Examples of this
inferential approach include approximating flow parameters from drainage network and
channel geometry (Leopold and Miller, 1956; Cherkauer, 1972; Dunkerley, 1992) and the
reconstruction of flood velocities from sedimentary bedforms and deposits (e.g.
Williams, 1969, 1970a, 1971; Baker, 1984b; Dunkerley, 1992).
This inferential approach to the estimation of process generally works well at the scale of
the channel bed, where relations between flow parameters and sedimentary bedforms in
sand-bed streams have been well established from flume experiments. Hence, static
deposits preserved on the dry bed of desert rivers provide an ideal opportunity for
estimating local flow conditions at the time of deposition and this approach has been
widely applied in the sedimentological and fluvial literature.
As the scale of investigation increases, however, such as to the level of the channel reach
or drainage network, greater difficulties are encountered in attempting to infer processes
from form in desert rivers. At these scales, the great temporal and spatial variability
characteristic of desert hydrological and fluvial environments means that process and
form are not always closely linked. In other words, unlike in perennial rivers where form
and process are closely interlinked by substantial feedback and constant mutual
adjustment may occur, the operation of the desert fluvial form-process system is often
markedly discontinuous both in time and space.
The discontinuous nature of desert fluvial process and form can be demonstrated at the
scale of both the network and the channel reach. At the network scale, for instance,
Schümm and Hadley (1957) have described how tributaries in semi-arid catchments can
be found in all stages of integration with main channel, with each tributary having its own
history of alluviation and dissection. At the scale of the channel reach, Graf (1983c) has
shown for arroyo systems of the northern Henry Mountains, south-central Utah, that
fluvial processes (such as the distribution of total stream power) appear to control channel

morphology during extreme events whereas during smaller flow events channel forms
control fluvial processes. As such, there is no continuous mutual adjustment between
form and process.
The discontinuous operation of the desert fluvial system through time and across space
has a range of implications for developing conceptual models of channel development and
for palaeohydrological and palaeoclimatic interpretation. For instance, many concepts of
alluvial channel behaviour derived from humid environments are based on the premise
that channels adjust their three-dimensional geometry in order to reach some form of
steady-state equilibrium {sensu Chorley and Kennedy, 1971) with the prevailing flow and
sediment regime.
Much early work on desert streams suggested that ephemeral channels also adjust in line
with these principles (e.g. Leopold and Miller, 1956; Slatyer and Mabbutt, 1964).
Similarly, more recent works that have commented on the common occurrence of braided
and wide and shallow, single-thread rivers in deserts make the assumption (often implicit)
that these channel patterns are 'equilibrium' forms adjusted to the prevailing flow and
sediment regime

(Section 1.6.2.4). In other instances, however, researchers have

encountered problems in the application of equilibrium concepts and regime theory to
ephemeral rivers (e.g. Stevens et aL, 1975, 1977; Rendell and Alexander, 1979; Graf,
1983b; Thornes, 1980; Rhoads, 1988). In many cases, the difficulties in transferring
concepts of channel behaviour from humid areas lies in the underlying assumption of
continuous system operation with well-defined feedback mechanisms, assumptions that
are not always met in desert environments (Graf, 1988a). For instance, if the sensitivity
of desert rivers to large flood events means that recovery periods exceed the recurrence
intervals of major channel changing floods, then equilibrium between channel form and a
representative channel-forming event is inconceivable (Richards, 1982).

In these

circumstances, channel forms will tend to represent the effects of the last major flood and
the complete adjustment of form to process will be inhibited.
Increasingly, therefore, there is a tendency to view desert channels as nonequilibriiim (or
disequilibrium) landforms with transient behaviour as the norm rather than the exception
(Thornes, 1976b; Graf, 1988a; Knighton and Nanson, in press). Possible exceptions in
this regard are the perennial, through-flowing rivers originating outside desert regions.
Although these rivers are subject to downstream decreases in discharge resulting from
transmission losses they may nevertheless show a tendency to approach some form of
equilibrium (Knighton and Nanson, in press).

The recognition of widespread nonequilibrium in many desert fluvial systems has a
number of implications for the interpretation of channel forms or deposits as evidence of
climatic change in deserts (Thomas, 1989c; Reid, 1994; Thornes, 1994b).

Where

nonequilibrium prevails, clear-cut relationships between rainfall, process and form are not
readily identifiable, making the interpretation of recent forms difficult and perhaps
individualistic in different drainage basins (Thomas, 1989c). The major determinant of
desert channel size and shape, for instance, may be the magnitude of infrequent large
floods which are unrepresentative of the normal range of flows. Hence, inferences as to
palaeohydrological and climatic changes on the basis of palaeochannel dimensions are
fraught with difficulties.

Similarly, although terrace sequences have often been

interpreted as evidence of flow regime and climatic change in arid and semi-arid regions
(e.g. Vita Finzi, 1969; Barsch and Royse, 1972; Adamson et ai, 1982; Bull, 1991), for
small catchments in extremely arid areas, Schick (1974) and Schick and Magid (1978)
have suggested that terraces may also result from the random occurrence of rare
'superfloods'. In these instances, terraces are not generally attributable to climatic
changes unless these include a change in the magnitude and frequency of superfloods.
1.6.4

Deficiencies

in desert fluvial

research

In addition to the general principles arising from a consideration of the nature of desert
fluvial form and process, a number of deficiencies in desert fluvial research can also be
identified. These relate to the three areas of research which form the main aims of this
study (Section 1.3): first, to short-term, process-form studies; second, to studies of
longer term river history; and third, to links between these two areas of research and the
concepts regarding river behaviour in desert regions.
First, studies of desert river systems have involved consideration of many aspects of the
fluvial environment, including hydrology, hydraulics and mechanics, sedimentary
processes and structures as well as various aspects of channel form. Despite this, many
aspects of process and form remain poorly accounted for. In particular, the forms and
sedimentary sequences of desert river floodplains have been little studied either for
modern desert rivers or from the geologic record.

Similarly, many aspects of the

vegetative influence on desert hydrology and fluvial geomorphology, such as the mutual
interactions between vegetation and channel evolution and/or recovery still await detailed
study. This latter deficiency is common to all fluvial environments but is particlarly acute
in the desert setting (Thornes, 1994b).

Despite the diversity of topics for study, most researchers have pragmatically
concentrated on one aspect or another of desert rivers, without viewing them as a whole.

Hence, there have been relatively few comprehensive studies of any particular desert river
system. Nevertheless, those studies that have investigated the spatial aspects of desert
rivers, such as patterns of downstream change, have often been the most comprehensive
in scope. For instance, a number of studies of desert rivers have noted downstream
changes in flow parameters (Dubief, 1953; Vanney, 1960; Mabbutt, 1977), channel
morphology (Thornes, 1976a, b, 1977; Sullivan, 1976; Mabbutt, 1977; Dunkerley,
1992) and sedimentary bedforms, structures or the calibre of bed material (Picard and
High, 1973; Mabbutt, 1977; Williams, 1971; Frostick and Reid, 1979; Sneh, 1983;
Parkash et al, 1983; Rhoads, 1989; Dunkerley, 1992).
Despite these examples, the number of such studies specifically investigating downstream
changes in desert rivers are relatively few, and there is little data from which to compare
patterns and rates of change. Furthermore, many studies have concentrated on relatively
short rivers, small catchments and steep headwater reaches (e.g. Thornes, 1977;
Schümm, 1961b) and the downstream changes in larger rivers have been little studied.
The concentration on upland desert catchments is not without justification, for mountains
form the largest landform element in deserts (Graf, 1988a). Furthermore, uplands are
where the most dramatic manifestations of change are likely to occur and the events in
desert uplands often determine what happens further downstream (e.g. Pickup et aL,
1988; Patton et aL, 1993). Nevertheless, lack of appreciation of the spatial aspects of
desert rivers poses difficulties for the transfer of knowledge from one part of a river
system to another, from one catchment to another or from one desert region to another.
For instance, it is unclear the extent to which improved knowledge of the processes active
in channel reaches in small, steep upland catchments (e.g. the bedload or suspended
sediment dynamics of Kenyan and Israeli streams - Frostick et aL, 1983; Reid and
Frostick, 1987; Schick et aL, 1987a, b; Hassan, 1990, 1993; Laronne and Reid, 1993;
Reid et aL, 1995; Reid and Laronne, 1995) are applicable to the lower reaches of these
rivers, to larger catchments in the same region or to desert rivers elsewhere in the world.
Graf (1988a, p.56) has drawn attention to the importance of scale in the analysis of desert
rivers, by commenting on the difficulties of applying findings from small basins to larger
rivers, and vice versa.
Second, in contrast to the relatively large number of studies of process and form in desert
rivers, studies of the longer term history of desert rivers are less common. Quaternary
histories of channel change have been established for some desert rivers worldwide,
including those of the American southwest (Bull, 1991; Blum et aL, 1995; O'Connor et
aL, 1994), the Middle East (Goldberg, 1984; Maizels, 1987; Grossman and Gerson,
1987), North Africa (Adamson et aL, 1980, 1982; Adamson, 1982; Talbot, 1980) and
Australia (Nanson et aL, 1988, 1995; Pickup et aL, 1988; Patton et aL, 1993). In many

cases, however, the findings have usually contributed more to climatic and regional
geomorphic history than to a better general understanding of desert rivers, such as the
nature of process-form relationships over protracted timescales.
Third, as a result of the relatively few studies of Quaternary channel change, there have
been few attempts to hnk short-term, process-form studies with the details of Quaternary
history. This is a common problem throughout geomorphology and a number of authors
have referred both to the problems and to the importance of linking the enhanced
knowledge of short-term processes to longer term landform history (Wasson, 1977;
Gregory, 1987; Walling, 1987; Brackenbridge and Hagedorn, 1992; Tooth and Nanson,
1995). The need for links between these two strands of research is important because
general models of desert river behaviour can only be constructed from a combination of
studies of modern geomorphic processes for rivers in various desert environments, as
well as from analyses of the history of these rivers. To neglect either would be to achieve
only a partial explanation of desert rivers.
At present, the general lack of integration between the results of short-term, process-form
studies and the longer term histories means that conceptual models of desert river
evolution are rare. Many of the concepts that have been developed partly from research in
the American southwest, such as those relating to thresholds (Schümm and Hadley,
1957; Patton and Schümm, 1975; Bull, 1980) and stream power (Bull, 1979; Graf,
1983c), are general in nature and are not specific to desert rivers. Ironically, many
concepts of channel behaviour that have been derived from work in other fluvial
environments, such as those relating to equilibrium, have proved difficult to apply to
desert rivers (Section 1.6.3). Where conceptual treatments specific to desert rivers have
been attempted they have tended to focus on nonequilibrium landforms and transient or
unstable behaviour (Schick, 1974; Thornes, 1977, 1980).
These examples notwithstanding, the general neglect of theory for desert river behaviour
is regrettable. For the science of geomorphology as a whole, Graf (1988a, p.25) has
lamented that:
All too often géomorphologie research has been conducted, reported, and synthesized
without a view toward the construction of ... theories and broad generalizations ... in
recent years this disdain for theory building has prevented the science from achieving
its full potential.

Clearly, for desert fluvial research and geomorphology in general, this deficiency is only
likely to be resolved by more short-term process-form studies, the more widespread

application of dating techniques to sedimentary sequences and attempts to develop links
between these two, sometimes disparate, strands of research. Identification of these key
gaps in knowledge can be taken as a general prescription for a study of the fluvial
environment in the Alice Springs region of central Australia and thus they form the
principal concerns of this thesis (Section 1.3).

1.7

CONCLUSION

Although variabilty in time and space is a feature of fluvial processes in all environmental
settings, it appears to be particularly characteristic of desert environments. In deserts, the
uncertain patterns of precipitation, the influence of vegetation on hillslope runoff and
sediment transport and the effects of transmission losses means that extreme spatial and
temporal variabilty is characteristic of many aspects of desert hydrology and fluvial
geomorphology. For desert channels, temporal variability is exemplified by the unsteady
nature of flow and sediment transport during the typically short-lived flood events, and
by the importance of large or extreme flood events as a longer term control on channel
morphology. Spatial variability is exemplified by the non-uniform nature of flow and
sediment transport during individual flood events and by the common lack of integration
between tributary and trunk channels. As a result of these factors, the functioning of the
desert fluvial system is markedly discontinuous and channels are often characterised by a
lack of equilibrium between form and process.
Despite the growing body of knowledge on desert stream channels, large gaps in
understanding still remain. Hence, this study of the contemporary fluvial geomorphology
and longer term channel change in the Alice Springs region of central Australia is timely,
for it also can contribute to a better general understanding of desert fluvial form, process
and behaviour.

CHAPTER 2
EPHEMERAL DRAINAGE SYSTEMS OF CENTRAL
AUSTRALIA: REGIONAL SETTING

2.1

INTRODUCTION

There is a long history of interaction between humans and the landscape in the Alice
Springs region of central Australia. Recent archaeological investigations, supported by
radiocarbon dating, indicate that the region has been inhabited by humans since at least 22
ka (Smith, 1987, 1988, 1989). The Aboriginal population developed complex physical
and spiritual ties with the landscape, evidenced by a number of rock paintings and
engravings surviving in the region and the beliefs and practices of present-day
communities. Early European reports of the landforms of the region were provided by
the journals of the first explorers, most notably Stuart (1864), Warburton (1875) and
Giles (1889). Later comments were provided by the early mineral prospectors, searching
for deposits in the Arltunga and Tennant Creek area (Carment, 1991). The region began
to be setded by white pastorahsts in the 1870s, with large-scale expansion of pastoralism
after the 1950s. Today beef cattle farming and tourism form the backbone of the
economy.
Scientific studies of the landscape in the Alice Springs region are a relatively recent
development.

A reconnaissance survey was undertaken in 1956-7 by the CSIRO

Division of Land Resource and Regional Management (Perry, 1962). This survey
provided an initial assessment of the climate, geology, geomorphology, soils, vegetation
and hydrology and has formed the basis for much subsequent work on the environmental
aspects of the region. The aim of this chapter is to illustrate the characteristics of the
Sandover, Bundey and Woodforde River catchments in the context of the wider Alice
Springs region. The chapter consists of two main parts: the first part gives an overview
of the present-day climate, geology, physiography, fluvial geomorphology, soils,
vegetation and hydrology of the region (Sections 2.2.1-2.2.5); and the second part
provides an outline of the landscape history of the region with particular reference to
drainage development in the Sandover, Bundey and Woodforde catchments (Sections
2.3.1-2.3.5).

2.2 CHARACTERISTICS OF THE ALICE SPRINGS REGION
The location and boundaries of the Alice Springs region are illustrated in Figure 1.2.
Alice Springs, with a population of approximately 25 000, is located in the centre of the
region. It is the only major settlement but there are numerous pastoral homesteads and
Aboriginal communities. Most of the region is divided into pastoral leases but there are
also a number of Aboriginal Land Trusts. The following sections provide an outline of
the present-day characteristics of the Alice Springs region with particular reference to the
catchments of the Sandover, Bundey and Woodforde Rivers.
2,2.1 Climate
Initial comments on the climate of the Alice Springs region were provided by Slatyer
(1962) who considered that the present-day climate of the whole region was best suited to
the arid classification of Meigs (1953) where an arid region is defined as one in which the
rainfall is not adequate for the regular production of crops. Other commentaries have
referred to the climate of various parts of the region as subarid (e.g. Schick, 1988) or
semi-arid (e.g. Patton et al, 1993; Bourke, 1994). In the Koppen-Geiger scheme of
climate classification (Geiger, 1954) the whole region is characterised by an BWh
(arid/semi-arid, desert) or BSk (arid/semi-arid, steppe) type climate. Many authors draw
little distinction in the use of the terms 'arid' and 'semi-arid' and thus, for ease of
discussion, 'arid' is preferred here.
The climatic characteristics of the Alice Springs region reflect the geographical location in
the centre of the Australian continent and the seasonal changes in the extent of the highpressure belt. A substantial rainfall gradient occurs across the region, from a minimum of
around 125 mm/year at the southeastern extremity to around 300 mm/year along the
northern margin. Superimposed on this general pattern is the topographic influence of
higher ground, such as the Macdonnell Ranges trending east-west across the centre of the
region, and the relatively higher altiUide of the land north of these ranges (Slatyer, 1962).
The mean annual rainfall at Alice Springs, located approximately half-way along this
rainfall gradient, is around 276 mm (Commonwealth of Australia, Bureau of
Meteorology, 1996). This compares with an annual pan evaporation of about 3000 mm,
thus emphasising the large moisture deficit in the region.
Mean annual rainfall figures can be somewhat misleading, however, as throughout the
region there is great variability in rainfall from year to year. For instance, over a 52 year
period (1945-1996), Alice Springs airport has recorded a maximum annual rainfall total of
783 mm (1974) and a minimum of 82 mm (1965) (Commonwealth of Australia, Bureau
of Meteorology, 1996). Much rainfall is derived from a few concentrated falls, with

particularly intense falls (>100 nim/24 h) often occurring when the predominating highpressure system is destabilised by an influx of moist air, such as by the incursion of
monsoonal depressions or cyclones from the north and northwest of the continent or by
the passage of mid-latitude frontal weather systems. There is also evidence of longer term
patterns in annual rainfall totals with alternating periods of below average rainfall (e.g.
1928-34, 1960-6, 1970-1) and above average rainfall (e.g. 1947-8, 1966-8, 1973-6)
(Verhoeven, 1977). For the Lake Eyre basin, which includes part of the Alice Springs
region, major rainfall extremes and above average annual rainfall totals appear to be linked
to the anti-ENSO (La Niña) phase of the El Niño Southern Oscillation, which involves
ocean-atmosphere interactions across the Indo-Pacific region (Allan, 1985, 1988).
During such episodes, cloudiness and convective activity are enhanced in the Australasian
region, with above-average rainfall during the winter-spring seasons often extending into
summer, following an early onset and southerly incursion of the monsoon (Allan, 1990).
In most years, however, rainfall shows a summer maximum, with around 70% of mean
annual totals at Alice Springs falling in the summer half-year (October to March)
(Commonwealth of Australia, Bureau of Meteorology, 1996) and the seasonality becomes
increasingly marked towards the north of the region. Similarly, there are wide seasonal
variations in temperature: at Alice Springs, for example, temperatures range from a mean
January (summer) maximum of 36°C and minimum of 2 TC to a mean July (winter)
maximum of 19.5°C and minimum of 4°C (Commonwealth of Australia, Bureau of
Meteorology, 1996). As a result, there is also a marked seasonal variation in evaporation
but evaporation exceeds rainfall in all months over the entire region. Humidity is
generally low throughout the year (usually less than 50% relative humidity) and shows
only a muted seasonal variation.
2.2.2 Regional geology and physiography
The Alice Springs region can be divided into a number of structural geological units, with
each unit corresponding to one or more of four main structural types (Fig.2.1). The
structural types (Quinlan, 1962; Mabbutt, 1967; Thompson, 1991), with structural units
in brackets, are: stable Precambrian shield (e.g. Arunta block, Petermann inlier); older
sedimentary basins with moderately to strongly folded rocks of mainly late Proterozoic
and Palaeozoic age (e.g. Ngalia basin, Tennant Creek inlier, northeast portion of the
Amadeus basin); older sedimentary basins with gently folded rocks of late Proterozoic,
Palaeozoic and Mesozoic age (e.g. Wiso basin, Georgina basin, southwest portion of the
Amadeus basin); younger sedimentary basins containing Mesozoic and Cainozoic
sedimentary sequences (e.g. Great Artesian basin).

I Older sedimcniary basin with
1 geniJy folded rocks
i^mi

Older sedimentary basin wiih
nnxleraiely to strongly folded rocks

Younger sedimentary basin

Figure 2.1 Structural divisions of the Alice Springs region (based on Quinlan, 1962; Mabbutt, 1967;
Thompson, 1991).
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Figure 2.2 Geomorphological divisions of the Alice Springs region (based on Mabbutt, 1962, 1967;
Thompson, 1991).

The physiography of the region in large part corresponds to these four main structural
types (Fig.2.2). Topographically, the region is dominated by the belt of sedimentary and
crystalline ranges, formed from deposits of the Amadeus basin and the Arunta block,
which were were folded and faulted during the Devonian-Carboniferous Alice Springs
Orogeny (Cook, 1968; Thompson, 1991; Sweet and Crick, 1992). These ranges trend
west-east across the centre of the region (Fig.2.2) and reach up to 1500 m in elevation.
Following the Alice Springs Orogeny, differential erosion of the softer rocks of the
folded Amadeus basin complex (siltstones, shales) created a series of strike valleys with
upstanding strike ridges (e.g. Macdonnell and James Ranges), composed mainly of
sandstone and quartzite in the west but including limestone in the east (Mabbutt, 1966;
Thompson, 1991). Crystalline ranges, formed from rocks of the Arunta block, abut the
folded sedimentary ranges and extend northeast into the crystalline Strangways and Harts
Ranges (Fig.2.2). The central ranges are broken by intermontane lowlands, such as the
Missionary Plain and the Garden Basin, and are flanked on either side by the Northern
Plains and the Southern Desert Basins (Mabbutt, 1962) - extensive, low-lying plains of
erosional or depositional origin overlying Precambrian shield or younger sedimentary
cover rocks - with uplands more restricted in extent.
The Northern Plains can be further subdivided into a number of regions - the Burt Plain,
the Northeastern Plains and the Northwestern Plains and Tanami Desert (Fig.2.2) - which
extend as broad corridors between upland masses to connect in largely featureless divides
(Mabbutt, 1965). In many areas, Cainozoic sedimentary basins overlie the larger
crystalline and sedimentary structural units. For example, the Tertiary Ti-Tree and Waite
basins overlie the Arunta block and are filled with lacustrine and fluvial sediments more
than 310 m thick in places which mask the underling structures (Shaw and Warren, 1975;
Senior et aL, 1995). The upland masses which provide some rehef to the otherwise lowgradient Northern Plains are collectively termed the Northern Uplands and tend to be
mainly bevelled and plateau-like, lacking the ruggedness of the central ranges (Mabbutt,
1967). The Northern Uplands include the Reynolds Ranges, the Davenport-Murchison
Ranges and the Northeastern Plateaux, an arc of disconnected sedimentary ranges
(Barrow Creek Uplands, Dulcie Range and the Lucy Creek Plateau) which mark the
southwest margin of the Georgina basin (Fig.2.2).
The Southern Desert Basins can be subdivided into the Amadeus Desert, the HenburyErldunda Plains and the Simpson Desert (Fig.2.2). Upland plateaux of restricted extent
can be found in all three areas and include the Erldunda, Rumbalara and Rodinga Ranges.
In the extreme southwest of the area, the Mann-Musgrave and Petermann Ranges formed

from rocks of the Petermann inlier are collectively termed the Southern Piedmont Plains
(Mabbutt, 1967).

The lithologie and topographic diversity in the region gives rise to a wide variety of
drainage systems. The continental drainage divide is mainly in the crystalline central
ranges (Mabbutt, 1962; 1986) and the drainage is largely internal, with floodwaters from
the larger rivers only occasionally persisting beyond the Alice Springs region. Many of
the larger drainage systems disappear either in the longitudinal dunefields of the western
Simpson Desert (e.g. Illogwa Creek and the Todd, Hale, Plenty and Hay Rivers) or in
aeolian sandplain of the Tanami Desert (e.g. the Hanson and Landar Rivers) (Fig.2.2).
2.2.2.7 Geology and physiography
catchments

of the Sandover, Bundey and Woodforde

River

The Sandover, Bundey and Woodforde Rivers drain part of the Northern Plains
(Fig.2.2). The catchments of the Sandover and Bundey Rivers comprise rocks from three
structural units (Fig.2.1): the southern and western parts correspond to the igneous and
metamorphic rocks of the Arunta block, and these pass into the sedimentary sequences of
the Georgina basin and the Davenport Province of the Tennant Creek inlier towards the
east and north. The catchment of the Woodforde River overlies part of the Arunta block.
The generalised distribution of outcrops of crystalline and sedimentary rocks in the three
catchments is illustrated in Figure 2.3, along with the widespread surficial cover of
alluvial and aeolian deposits in the middle and lower parts of the catchments.
The Sandover River originates in the crystalline central ranges with the five main
headwater tributaries - Edwards Creek, Mueller Creek, Gillen Creek, Anamarra Creek
and Ongeva Creek - draining the Utnalanama and Strangways Ranges and the western
end of the Harts Range. Elevation in the headwaters ranges between 700 and 1050 m
and the geology accords with the metamorphic and igneous rocks of the Arunta block
(Fig.2.3), predominantly gneiss, granulites, migmatites and schists of the Strangways
Range metamorphic complex (Shaw and Warren, 1975). The headwater channels flow
through rocky upper reaches and pass downvalley into broader embayments within the
uplands which are filled with colluvial and alluvial deposits. On the piedmont, the
channels are flanked by broad plains mantled with surficial alluvial and colluvial
sediments (Fig.2.3). Topography is dominated by Mount Bleechmore and Mendip Hill,
which are composed of crystalline rocks, and which rise between 100 and 150 m above
the surrounding plains. Low plateaux and mesas of the Waite Formation ('Alcoota
Beds') (Woodburne, 1967; Mabbutt, 1965, 1967, 1986; Shaw and Warren, 1975) can
also be found in many areas. These Tertiary-age sediments consist of a sequence of

Figure 2.3 Geology of the Sandover, Bundey and Woodforde River catchments (based on Bureau of Mineral Resources, Geology and Geophysics (1976), 'Geology of the
Northern Territory', 1:2 500 000 scale geological map).
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sandstone, mudstone, minor sandy conglomerate and chalcedonic limestone overlying
deeply weathered rocks bearing lateritic profiles (Fig.2.3 - see Tertiary limestones).
Particularly extensive outcrops of the Waite Formation can be found on the drainage
divide with the Bundey River catchment (Fig.2.3). Below the confluence of Mueller
Creek and Waite Creek, the Sandover River continues north, with the boundaries of the
catchment marked by low-relief, granitic outcrops. In the west of the catchment, several
small tributaries arise on the granites, and these coalesce to join the Sandover as Soakage
Creek.

The Bundey River starts at a lower elevation (550-600 m) to the east of the headwater and
piedmont channels of the Sandover. Extensive areas of the Waite Foi-mation comprise the
southwestern rim of the Bundey catchment (Fig.2.3) and these give rise to a number of
small headwater channels. Large areas of Waite Formation equivalents (Freeman, 1986)
- Tertiary argillaceous sediments with chalcedonic limestone cappings - overlying deeply
weathered rocks of the Arunta block are also found in the catchments tributary to the
Bundey River (Fig.2.3). There are extensive outcrops of weathered rocks of the Arunta
block (principally granites, gneiss, granulites and schists) (Fig.2.3) with occasional
quartz ridges up to 15 m high sometimes providing additional local relief (Freeman,
1986).

In the headwaters of the Bundey and its tributaries, alluvium is relatively

restricted in extent and confined to narrow tracts adjacent to the channels, but in the
piedmont there are broader alluvial and aeolian plains (Fig.2.3). The Bundey River, and
the two principal tributaries of Frazer and Alkara Creeks, converge at a narrow gap in the
sandstone Dulcie Range, which marks the margin of the Georgina basin. Downstream of
this point, the Bundey River continues north towards its junction with the Sandover River
(Fig.2.3).

The Woodforde River and its tributaries arise on the southeastern end of the Reynolds
Range where they drain a complex assemblage of igneous and metamorphic rocks of the
Arunta block (principally granites, gneiss, schists, granulites and quartzites) (Fig.2.3).
Elevation in the headwaters ranges between 700 and 920 m. On the divide between the
Woodforde and the south-draining Napperby and Day Creeks, partial stripping of deeply
weathered rock has left an extensive lag of quartz gravels (Stewart, 1981, 1982). The
Woodforde River flows southeast through a narrow valley, and is joined by numerous
short tributaries, before it turns abruptly northeast to run between steep-sided ranges
formed mainly of quartzite and granofels. Downstream of this point, the Woodforde
emerges onto the piedmont where it is joined by the right-bank tributary of Kerosene
Camp Creek.

Downstream of the headwater and piedmont reaches, the Sandover, Bundey and
Woodforde Rivers traverse extensive alluvial and aeolian plains where there are few
tributary inflows (Fig.2.3). The low-relief plains are broken by occasional ranges and
numerous smaller outcrops of rock. In particular, the sandstone Tomahawk Range which forms part of the Barrow Creek Uplands and marks the margin of the Georgina
basin - noticeably deflects the course of the Sandover River towards the northeast
(Fig.2.3). In the middle and lower parts of the Sandover and Bundey catchments,
aeolian sandplain is extensively developed and forms a widespread mantle over the
typically low-relief drainage divides (Fig.2.3).
Older red earth plains, largely derived from past phases of fluvial activity, are also widely
distributed in the middle and lower parts of the catchments and may underlie much of the
sandplain (Shaw and Warren, 1975; Freeman, 1986). Narrow, elongate ribbons of
sandier soils or calcretes within the red earth plains indicate the existence of a number of
palaeochannels (e.g. Shaw and Warren, 1975; Stewart, 1982; Freeman, 1986; Stidolph et
aL, 1988). Recent alluvial deposits are generally restricted to narrow tracts immediately
adjacent to the channels, but the alluvial tracts broaden towards the downstream end of
the channels (Fig.2.3). In the relatively small Woodforde catchment, the channel initially
disappears around 45 km from the ranges. Large floods disperse over an area of
approximately 40 km^, before a network of channels is formed again. These channels
carry flows a further 22 km before the channels disappear once more, and flows disperse
near the confluence with the larger Hanson River (Fig.2.2). In the Sandover catchment,
the channel disappears on Ammaroo station, some 250 km from the headwater ranges
(Fig.2.3). Large floods disperse across an area of approximately 200 km^ before a
definable network of channels is formed again. These channels carry floodwaters to the
confluence with the Bundey River (Fig.2.3), along with contributions from the small
tributary of Atcherie Creek, which arises to the north of the Sandover.
Downstream of the confluence of the Sandover and Bundey Rivers, the SandoverBundey turns abruptly east where it receives important tributary contributions from three
small creeks (Arganara, Centre and Bullock Creeks) which drain the dissected
sedimentary plateaux (siltstones, limestones and dolostones of the Arthur Creek
Formation) at the southeastern end of the Davenport Range (Fig.2.3). Below the last of
these tributary junctions, the Sandover-Bundey continues some 55 km further to
Ooratippra station where it is joined by the small tributary of Ooratippra Creek, which
drains an area of about 2500 km^ in the south of the catchment (Fig.2.3).
Below the junction with Ooratippra Creek, the Sandover-Bundey River is flanked on the
south by the Ooratippra Plain, an extensive area of red earth soils underlain at shallow

depths mainly by dolostones of the Arrinthrunga Formation with lesser outcrops of the
sandstone Tomahawk Beds (Stidolph et aL, 1988). Ferruginous duricrusts occur on
mesas and isolated hills of the Tomahawk Beds and the Arrinthrunga Formation
sandstone member (Stidolph et aL, 1988), and the plain is marked by numerous shallow,
unchannelled, drainage depressions.

The Sandover-Bundey breaks into several

distributary channels which decrease in capacity and eventually disappear (Fig.2.3).
Large floods disperse across an area of approximately 800 km" with flows occasionally
continuing to the hill country and grey soil plains in the Bybby Creek catchment and
thence to the Georgina River, part of the centripetal drainage of Lake Eyre.
2.2.3

Fluvial

geomorphology

The downvalley changes shown by the Sandover, Bundey and Woodforde Rivers
exemplify the broad pattern of drainage characteristic of many rivers in the Alice Springs
region. In all three catchments, a network of low-order channels carrying bedloads of
sands and gravels converges on the lowland plains to give rise to a well-defined trunk
channel. The channels decrease in size in the downstream direction until an increasing
proportion of the large floods reaching the distal reaches are diverted overbank.
Eventually, channelised flow and bedload transport essentially cease but large floods
continue across areas widely known in arid and semi-arid Australia as 'floodouts'. On
the Northern Plains, floodouts consist of typically broad, low-gradient alluvial plains
surrounded by aeolian sandplain, older alluvial/lateritic plains or low-relief, rocky
outcrops. For the channels draining southeast from the central ranges, floodouts form
narrow alluvial salients between the inter-dune corridors of the Simpson Desert.
For the purposes of this study, the pattern of drainage in the catchments of the Sandover,
Bundey and Woodforde Rivers can be approximated by the zones of Schumm's (1977)
'idealised' fluvial system (Fig.2.4). While Schümm (1977) used this model to illustrate
the characteristics of rivers in a wide range of climatic environments, it is particularly
applicable to many arid and semi-arid catchments. For instance, in the Sandover, Bundey
and Woodforde catchments, a dendritic pattern of upland drainage (production zone)
converges on the plains to give rise to a well-defined channel-train (transfer zone). For
the Sandover and Woodforde Rivers, where there is little further in the way of tributary
contributions, the channels decrease in size and eventually disappear (deposition zone).
For the Sandover-Bundey River, creeks draining the Davenport and Dulcie Ranges join
the channel in the transfer zone, but once beyond the point of tributary drainage, the
channel also disappears in the deposition zone.

Production zone
Source of most of the
water and sediment

Upland zone

Piedmont zone
Transfer zone
In a stable channel,
sediment supply equals
sediment output

Lowland zone

Deposition zone
Sink for much of the
sediment eroded from
the production zone

Floodout zone

Figure 2.4 Zones of an 'idealised' fluvial system (modified after Schümm, 1977; Gordon et ai, 1992),
also illustrating the subdivision into upland, piedmont, lowland and floodout zones.

One of the main aims of this study (Chapter 1) is to describe the contemporary fluvial
geomorphology of some ephemeral drainage systems with particular emphasis on the
downstream changes in channel morphology, sedimentary characteristics and inferred
flow conditions. Schumm's model provides a useful framework for describing
downstream changes but throughout this study a more physiographic set of terms is used
to subdivide the catchments into upland, piedmont, lowland and floodout zones
(Fig.2.4). Each of these zones is characterised by a distinctive assemblage of fluvial
forms and processes. The upland, lowland and floodout zones correspond to the
production, transfer and deposition zones of Schumm's model whereas the piedmont is
transitional between the uplands and the lowlands.
Many previous descriptions of the fluvial geomorphology of the Alice Springs region
have noted downvalley changes in one or more aspects of channel morphology. The
early land systems mapping by Perry et al (1962), for instance, recognised downvalley
changes in the channel-floodplain characteristics of many larger river systems in the
region and these observations were expanded by Sullivan's (1976) description of channel
changes along the Finke River and Mabbutt's (1977, 1986) discussions of desert river
channels and floodplains.
For the purposes of this study, however, subdivision of the catchments into broad
upland, piedmont, lowland and floodout zones was favoured over a narrower subdivision
based on one or more aspects of channel morphology alone (e.g. planforms or
floodplains) for two main reasons. First, work by Pickup (1991) and Patton et al (1993)
has identified the role of large floods in forming and modifying extensive areas of lowlying country in central AustraUa, with the implication that the fluvial geomorphology of
the region may extend well beyond the previously recognised channel margins. This is
likely to be particularly so in the floodout zones, where channelised drainage eventually
disappears. Second, two channels could have very similar morphology but be located in
an entirely different geomorphic setting with, for instance, very dissimilar valley sidefloodplain relations.
Aspects of the fluvial geomorphology of the region have featured in land systems
classifications (Perry et al, 1962), in statements on landscape evolution (Ward, 1925;
Madigan, 1931; King, 1950; Mabbutt, 1962, 1965, 1966, 1967), in studies of the soils
(Jackson, 1962; Litchfield, 1962, 1969) and geology (e.g. Shaw and Warren, 1975;
Freeman, 1986) as well as in broader treatments of Australian deserts (e.g. Sullivan,
1976; Mabbutt, 1977; 1984, 1986). These studies have made many important
observations of fluvial landforms: for example, in recognising broad intra-regional
differences in the relative extent and character of the floodplains in the region (Perry et

al, 1962; Mabbutt, 1962, 1967) or by noting the existence of palaeochannels (Jackson,
1962; Freeman, 1986). There have, however, been relatively few studies of the rivers
per se. Where attention has been given to contemporary fluvial forms and processes or to
Quaternary change (e.g. Williams, 1969, 1970a, 1971; Baker a/., 1983a; Pickup et al,
1988; Pickup, 1991; Patton et al, 1993; Bourke, 1994; Nanson et al, 1995), research
has generally been directed towards river systems close to the ranges or to short reaches
in the middle of larger river systems. To date, the most comprehensive statement on the
drainage systems has been provided by Pickup (1991) who describes the characteristic
features of the 'floodplain systems' in the region and presents possible hypotheses as to
their origin. As acknowledged by Pickup (1991, p.463), however, his paper
concentrates on small catchments and areas close to the headwaters of the main river
systems. Thus, it remains to be seen if the findings apply to the middle and lower
reaches of the larger river systems.
2.2.4 Soils and vegetation
Initial assessments of the soils and vegetation of the Alice Springs region were provided
by Jackson (1962), Litchfield (1962, 1969) and Perry and Lazarides (1962). Later
works show the area corresponding to provinces 1 (Ayers-Canning), 4 (Macdonnell) and
7 (Stuart-Burt) of the Australian soil landscape Region I (Sandy Desert) (Northcote and
Wright, 1983). The soil terminology used here follows the Great Australian Soil Group
Classification (Stace et al, 1968; Moore et al, 1983).
Litchfield (1962) considered that the outstanding characteristics of the soils in the Alice
Springs region are the widespread extent of leached sandy and red earth soils and the
relatively minor extent of calcareous, gypseous, saline and alkaline soils that normally
occur in arid zones. Soils are usually of low fertility and generally possess massive
structures although thin sealed crusts, less than 25 mm thick, commonly occur on the
surface (Litchfield, 1962). Despite the nutrient-deficient soils and the arid climate, there
is very little of the region that is not at least sparsely vegetated (Carnahan, 1976). Perry
and Lazarides (1962) considered that some of the most striking features of the vegetation
are the relative absence of Eucalyptus spp., which are generally regarded as ubiquitous in
the Australian flora, and the absence of thorny and succulent plants which are
characteristic of many other arid areas throughout the world. Vegetation is generally
characterised by plants of low stature forming structurally simple communities
(grasslands, shrublands and open woodlands) in which ground cover is low (Perry and
Lazarides, 1962).

At the sub-regional scale, soils and vegetation vary with geology and physiography and
thus the various landforms in the catchments of the Sandover, Bundey and Woodforde
Rivers (Section 2.2.2.1) are reflected in a complex pattern of soils and vegetation. In
general terms, however, patterns of soil and vegetation in the upland, piedmont, lowland
and floodout zones can be illustrated by a simple transect (Fig.2.5). The rivers provide
corridors of moisture soils and denser vegetation through these zones, such that soil and
vegetation patterns vary both in the downvalley direction as well as outwards from the
rivers.

In the upland zone, there are large areas of bare rock outcrop, and soils are mainly
shallow, stony or sandy lithosols (Northcote and Wright, 1983). In the piedmont and
lowland zones, there are fewer rock outcrops and soil parent materials vary widely from
colluvial and alluvial gravels to sands, silts and clays. There is great diversity of soils,
but Pickup (1991) suggests that three stratigraphie units can be recognised throughout the
central Australian floodplains: red earths, which underlie many floodplains; a group of
brown earths, which overlie the red earths but are confined to shallow channels and
embayments within them; and modern fluvial material, which shows limited soil profile
development and overlies either the red or brown earths. The red and brown earths
frequently have solonetzic or acid profiles, but in the catchments of the Sandover and
Bundey Rivers, calcareous red earths are developed on carbonate-rich strata, such as the
Waite Formation and equivalents or the dolostones underlying the Ooratippra Plain
(Section 2.3). Older 'lateritic' plains with red earth soils also cover large areas. From
descriptions of these widespread plains (e.g. Litchfield, 1962, 1969; Mabbutt, 1967,
1984; Northcote and Wright, 1983) it is often unclear whether the red earths have
developed in situ or whether they are derived from colluvium and alluvium, with possible
reworking of older lateritic material.
Vegetation in the upland, piedmont, and lowland zones generally reflects the underlying
soil patterns. The upland ranges support only a sparse vegetation consisting mainly of
spinifex (Triodia spp.) and Acacia spp. The major drainage channels support a denser
vegetation growth, principally river red gums {E. camaldiilensis),

coolibah {E.

microtheca) and tea trees {Melaleuca spp.), which line the channel beds and banks to
exploit the sub-surface moisture in the sands and gravels. Levees and floodplains
typically support an open woodland in which ghost gum {E. papuana) and bloodwood
{E. terminalis) are common elements. In the piedmont and lowland zones, on the more
stable floodplains and older terraces beyond the immediate flood tract, the habitat is
more droughty as reflected in a vegetation of scattered trees such as ironwood (A.
estrophiolata),

above a ground layer of short grasses and forbs (Mabbutt, 1986). On

calcareous soils, large areas of gidgee (principally A. georginae)

are developed,

UPLAND ZONE
SOILS

VEGETATION

Large areas of bare
rock outcrop.
Shallow, stony or
sandy lithosols.
Spinifex and
acacias.

Denser growth of vegetation along major drainage channels - principally eucalypts, some teatrees and acacias in
upland and piedmont zones.

Figure 2.5 Schematic illustration showing the pattern of soils and vegetation in the upland, piedmont,
lowland and floodout zones of the Sandover, Bundey and Woodforde River catchments (modified after
CSIRO Division of Rangelands and Wildlife Research, 'The Central Australian Environment',
unpublished brochure).

particularly in the Bundey catchment (Stidolph et al, 1988). The red earths of the lateritic
plains are usually associated with open woodlands of mulga (A. aneura). On gentle
topographic gradients, where the plains are subject to sheetflow, they are characterised by
the arrangement of the mulga trees in groves that run essentially parallel to the contour for
a kilometre or so and which are separated by more grassy, or bare, intergrove areas to
give a distinctive banded pattern (Slatyer, 1961; Mabbutt, 1984).
With increasing distance from the upland sources of streamfloods and away from the
major rivers, there is a widespread cover of aeolian sands. Sandplain and dune fields are
of approximately equal extent in the Alice Springs region but have a contrasted
distribution with sandplain mainly north of the central ranges and dunes mainly to the
south (Mabbutt, 1967; Brookfield, 1970). In the catchments of the Sandover and Bundey
Rivers, areas of sandplain are characterised by the occurrence of elongate, linear rises
only a metre or so high and more broadly undulating than dune ridges. These rises trend
northwest with the continental dune pattern (Brookfield, 1970) and show analogous,
although subdued, cross-profiles with steeper flanks to the northeast (Mabbutt, 1967).
Both sandplain and dune fields are composed of red siliceous sands (Northcote and
Wright, 1983), although there is a slightly higher content of clay and silt in the sandplain
(Mabbutt, 1967). Slight colour differences occur where dunes have been derived from
bedload sands of the major rivers (source-bordering dunes) or where sandstone outcrops
have provided a local source of sands (e.g. Shaw and Warren, 1975). The vegetation in
sandplain and dunefields is dominated by spinifex grass {Triodia spp., Plectrachne spp.),
with some scattered shrubs and low trees {Eucalyptus spp., Acacia spp., Grevillea spp.)
and occasional stands of mulga (A. aneura) in lower-lying areas (O'Connell et aL, 1983).
In the floodout zone, distributary channels sometimes lead to small sump basins in the
sandplain or dunefields which are periodically inundated during large floods (Perry et aL,
1962; Mabbutt, 1986). Similarly, following large floods, unchannelled flows occur
across the floodouts. Both the sump basins and floodouts are characterised by heavier
alluvial soils (Litchfield, 1962), which sometimes exhibit gilgai microrelief Coolibah
trees (E. microtheca), and shrubs such as saltbush {Atriplex spp.) and bluebush
(Maireana spp.), are common elements of the vegetation. Following floods, these areas
also often carry a rich carpet of ephemeral grasses and forbs (Lendon and Ross, 1978; D.
Winstanley and T. Mahney, pers. comm).
There is little quantitative information regarding the hydrological characteristics of the
various soil and vegetation surfaces in the Alice Springs region. Many soils exhibit
surface sealing or crusting, which restricts infiltration and leads to rapid runoff from even
low rainfall amounts (e.g. Winkworth, 1978) but, in contrast, large areas of sandplain

shed very little surface runoff. Similarly, subtle interactions often exist between the
vegetation and local patterns of runoff and sediment transport, many of which are poorly
understood at present. Aspects of the microhydrology of the distinctive mulga (A.
aneura) grove patterning, however, have received attention from a number of workers in
various parts of arid and semi-arid AustraUa (e.g. Slatyer, 1961; Pressland, 1973, 1976,
1978; Goodspeed and Winkworth, 1978; Mabbutt and Fanning, 1987; Tongway and
Ludwig, 1990). These studies provide evidence to suggest that the patterning divides the
landscape into relatively bare runoff (intergrove) and vegetated runon (grove) zones, thus
enabling a more efficient redistribution of water across the slope and helping plant growth
to be sustained where the regional rainfall would otherwise be insufficient. Shallow,
unchannelled drainageways of gentle gradient, locally known as 'floodways', are also a
common feature of many of these plains (Slatyer and Mabbutt, 1964, p.26; Winkworth,
1978) particularly in the piedmont of the Sandover and Bundey catchments. The
implications of the mulga patterning and floodways for downslope sediment transport
processes, however, have been little studied to date.
2.2.5 Channel hydrology
The flow regime of drainage systems in the Alice Springs region is ephemeral: channels
remain dry for much of the year and only occasionally carry flows. Flooding often
follows heavy rainfalls which result either from the passage of mid-latitude frontal
systems or the incursion of moist tropical airflows (Section 2.2.1). Williams (1970a; see
also Mabbutt, 1977) provides an account of the weather conditions leading to the
widespread floods of 1967, when a combination of frontal systems and the southward
intrusion of monsoonal weather resulted in an average of 250 mm of rain falling in the
northwestern catchments of the Lake Eyre Basin in five weeks in late summer. Rainfall
during this period included many intense events (>100 mm/24 h) and was regionally
variable: the headwaters received their main rainfalls in February whereas further south
the heavier rains fell in early March with the incursion of tropical cyclone Gwen
(Williams, 1970a). At the time, the 1967 floods were widely regarded as the most
devastating since European settlement in the region. Subsequent widespread flooding
also occurred in 1972, 1974, 1983, 1988, 1991 and 1995.
Little is known about the magnitude, frequency and effectiveness of these floods,
however, due to the paucity of data on flow and sediment transport in the Alice Springs
region. Very few rivers in the region are gauged and where flow gauging records exist
they are generally of limited duration and often contain considerable gaps. Furthermore,
the lack of stable control sections means that gauging stations have often not been rehably
rated. The longest gauging record in the region is for the Todd River at Alice Springs

where flow records have been kept since 1952. For the station at Wills Terrace, the 1988
flood is the largest on record with a discharge of 1190 mVs and approximately represents
a l-in-50 year event (Barlow, 1988).
Due the limited length of the gauging record, slackwater sediments preserved in bedrock
canyons have often been used to investigate the history of extreme flood events in the
region (Baker et al, 1983a; Baker, 1984b; Pickup et al, 1988; Pickup, 1989, 1991). A
number of rivers in the region have good slackwater deposits (Pickup, 1991) but only
those of the Finke River gorge have been investigated in detail. In the Finke gorge, the
1974 flood is the largest event detected in the slackwater sequence. The estimated
discharge of >5700 mVs for this event is very large for a 4500 km" catchment but falls
well below the envelope curve for maximum world floods (Pickup et al, 1988; Pickup,
1991). On the evidence from the slackwater record. Pickup (1991) considers that 4 of the
8 known largest events in the last 850 years have occurred since 1966, including the
1967, 1972, 1974 and 1988 floods. These events have been added to the regional flood
frequency model derived by MacQueen (1978, 1979) for small (3.8-450 kin), rocky
catchments near to Alice Springs, providing information in the 100-1000 year range of
return periods (Pickup et aL, 1988) (Fig.2.6). Pickup et al. (1988) consider several
possible explanations for the recent clustering of major events including possible changes
in continent-wide rainfall patterns involving upward shifts in average rainfall and the
magnitude and frequency of extreme events. This latter possibility has some support in
the work of Allan (1985, 1987, 1988, 1990) who has equated a significant increase in
summer rainfall in the eastern Lake Eyre Basin in the period 1946-1985 with a greater
influence-intensity of anti-ENSO (La Niña) episodes.
Far less is known about the flood hydrology of the rivers on the Northern Plains. For the
Sandover River, the only available flow records are 9-10 years of flow heights for an
unrated section at Utopia (1974-1987, 3-4 years of missing data) (Fig.2.7). For the
Woodforde River, 21 years of flow heights are available for an unrated section near
Arden Soak Bore (1974-1995, some missing data) (Fig.2.7). At both stations, the crosssections have been resurveyed a number of times (Fig.2.8). The Bundey River is entirely
ungauged and there are no previous flow records or surveyed sections.
From the flow records available, it is apparent that most flow events occur in the summer
half-year (October to March) with relatively few events in winter. On the large Sandover
River at Utopia, located -100 km from the headwaters, sub-bankfull flows occur at least
once in most years. The highest recorded flow (4.74 m) occurred in March 1983. For
the smaller Woodforde River at Arden Soak Bore, located -35 km from the headwaters.
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Figure 2.7 Gauged flow heights on the Sandover and Woodforde Rivers (based on Northern Territory
Power and Water Authority, unpublished data).

a.) Sandover River at Utopia station 1976-1986 (V.E.=12.5)
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Figure 2.8 Surveyed cross-sections on the Sandover and Woodforde Rivers (based on Northern Territory Power and Water Authority, unpublished data). The
sections are located on straight, sand-bed reaches and show essentially little change in channel size or shape over the period of monitoring.
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there are often 2-4 sub-bankfull flows a year with the highest recorded flow (4.59 m)
occurring in February 1982. The cross-section surveys show relatively stable channel
sections over the period of measurement with only minor changes in channel width and
bed level (Fig.2.8). During the three year period of this study, a minor flow event
occurred on the Woodforde River in September 1993 with more widespread flooding
occurring on all three rivers in January-March 1995.
For all the rivers in the Alice Springs region, once beyond the point of tributary
contributions, flood magnitude and flow frequency decrease in the downstream direction
principally due to flow transmission losses. Due to the limited number of gauging
stations in the region, however, there is little quantitative data as to the magnitude of these
losses. Based on data collected by Williams (1970a) for the 1967 floods, Mabbutt (1977)
has illustrated the decrease in the duration of flows and heights of flood crests between
Hermannsburg on the upper Finke River and Idracowra located 250 km further
downstream. Downstream of Idracowra, however, there was greater flow variability due
to tributary inputs and local rainfall.
Similarly, while the piedmont reaches of channels in the region usually flow at least once
every year, flows occur less frequently in the distal reaches. The frequency with which
floodwaters reach the floodouts is little known. In particular, there has been some debate
over whether floodwaters from the Finke River have ever reached Lake Eyre (Burton,
1961 - see Bonython, 1963; Williams, 1970a; SuUivan, 1976; Mabbutt, 1977). Mabbutt
(1977) considered that although an alluvial tract continues southwards beyond the
floodout of the Finke through the dunes to the Macumba River, and thence to Lake Eyre,
there are no historical records of streamfloods along it. Unsubstantiated reports provided
in Bonython (1963) and Sullivan (1976), however, suggest that flows from the Finke
may have reached Lake Eyre several times in the early years of European settlement in the
region.

Nevertheless, despite the magnitude of the floods of the last 30 years,

floodwaters have not reached Lake Eyre: following the 1967 floods, the floodwaters of
the lower Finke River spread out over a width of 11 km with an average depth of 0.8 m
and ponded in the dunefields of the Simpson Desert. Some interdune corridors were
flooded to depths of 6 m and retained water for up to 19 months (Williams, 1970a).
For the Sandover, Sandover-Bundey and Woodforde Rivers, the anecdotal account of
local pastoralists provides the only available evidence of the frequency of flows reaching
the floodouts. On the Sandover River flows appear to reach the floodout every 3-4 years,
whereas on the Sandover-Bundey and Woodforde Rivers flows reach the floodout at a
more frequent interval of 1-2 years. During the period of this study, the floods of
January-March 1995 resulted in flows reaching the floodouts of all three rivers.

Floodwaters from the Sandover-Bundey are considered to occasionally persist through
the floodout to reach Bybby Creek and thence the Georgina River (Nichols, 1966)
(Chapter 1, Fig. 1.2) but the frequency with which this happens is unknown. Groom
(1950) briefly describes a flood reaching the Aghadaghada (Argadargada) Waterhole on
the floodout of the Sandover-Bundey in the summer of 1923 and D. Winstanley and T.
Mahney (pers. comm) observed floodwaters wetting a large part of the floodout in 2
separate events in January and March 1995. During these recent floods, however,
floodwaters apparendy did not reach the Bybby.
There have been few measurements of flow velocities during large flood events in the
Alice Springs region, largely due to problems of instrumentation and to the practical
dangers involved. Eye-witness accounts of flood bores generally refer to a relatively
slow, steadily creeping front of water rather than the 'flash floods' of folklore. Indirect
approaches to the estimation of flood flow velocities have also sometimes been used.
From bedforms deposited during the large February-March 1967 floods in rivers in the
western Lake Eyre Basin, Williams (1969, 1970a, 1971) concluded that lower-regime
flow prevailed for the majority of rivers. By estimating Froude numbers and DarcyWeisbach resistance coefficients for 'large-scale ripples' (the 'dunes' of Ashley, 1990),
the greatest mean flow velocities were calculated at 0.8-2.8 m/s, which compared well
with measured velocities for the Todd River in 1967 (Williams, 1970a). Upper-regime
flow appears to have been dominant only in the middle reaches of the Finke where flatbedded sand with parting lineation was deposited, giving an estimated mean velocity of
about 3.4-3.7 m/s (WiUiams, 1970a, 1971). Similarly, for 'large-scale gravel ripples'
with heights of 0.5 m and chords of 10 m deposited in the headwaters of the Finke River
during the floods of March 1983, Baker (1984b) estimated flow depths of 7 m and
velocities of 2-3 m/s. The same floods locally transported boulders up to 2.5 by 1.5 by
1.0 m (Baker, 1984b, his Fig.2). There have been no measurements or indirect estimates
of peak flow velocities for rivers on the Northern Plains such as the Sandover, Bundey
and Woodforde Rivers. Nevertheless, the work of Williams and Baker indicate the likely
velocities that may be attained for limited periods of time during peak flow events in
certain reaches of these rivers.

In addition to the limited information regarding flood flow velocities, there is little data
from which to estimate the rates and relative importance of bedload and suspended load
transport during peak flow events. Measurement of temporary bed scour in the Todd
River at Wills Terrace during the floods of March 1988, showed an average depth of
disturbance of 0.5 m over most of the cross-section, with a maximum of 3 m in the
deepest section of channel (Barlow, 1988).

This suggests high rates of bedload

transport. In addition, eye-witness accounts and photographs of the turbid nature of

floodwaters indicate a substantial suspended load during flood flows. For 25 samples
taken from the Todd River near to Alice Springs during the flows of March and May
1968, Williams (1971) reported an average suspended sediment concentration of 4460
mgA with maximum concentrations reaching up to 12 430 mg/1. Low flow sampling of
the Todd River at Alice Springs generally indicates suspended sediment concentrations of
1000-5000 mg/1 (Northern Territory Power and Water Authority, unpublished data).
Although many of the links between the hillslope and channel runoff and sediment
transport are poorly understood at present (Section 2.2.4), there are indications that both
rainfall-runoff relationships and rates of sediment transport vary between dry and wet
periods in response to fluctuations in the vegetation cover (Verhoeven, 1977; MacQueen,
1979; Pilgrim and Doran, 1987; Pickup, 1991). For example, data from the Department
of Transport and Works (1979 - in Pickup, 1991), illustrates the marked effect of changes
in the vegetation cover on sediment yields in the Todd River (Fig.2.9). During drought
conditions, when vegetation cover is reduced, both runoff for a given rainfall event and
the sediment transport rate for a given discharge are noticeably higher than after a wet
period when vegetation cover is restored (Fig.2.9). Due to the variations in the response
of different types of vegetation to drought, temporal variation is also likely to be matched
by spatially uneven patterns of runoff and sediment delivery to the channels. The
implications of these uneven patterns of runoff and sediment supply for channel
morphology have yet to be investigated.
2.3 CAINOZOIC LANDSCAPE HISTORY
Study of the morphology, dynamics and sedimentary history of the Sandover, Bundey
and Woodforde Rivers requires an appreciation of Cainozoic landscape development in
the Alice Springs region, for this provides the context within which fluvial changes have
occurred. Despite the high level of geological interest in the region, however, the
geomorphological history has been less well served by scientific investigation. Mabbutt's
(1962, 1965, 1966, 1967) series of writings provide the only comprehensive account of
the broad-scale geomorphological history of the region and thus have formed the basis for
many subsequent interpretations. The following sections provide a summary of the
Cainozoic landscape history with particular reference to landform and drainage evolution
in the Sandover, Bundey and Woodforde River catchments.
The general theme emerging from Mabbutt's work is the complex inheritance of an arid
landscape and the need to understand it in terms of a long history of changing climate
(e.g. Mabbutt, 1967). Mabbutt (1965) argued that throughout the Australian arid zone
there tends to be a basic dichotomy between older, smoothed landscapes and younger,
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Figure 2.9 Suspended sediment transport rates for the Todd River at Alice Springs, calculated from
measurements of suspended sediment concentration and discharge during 1965 (dry period) tloods and 1979
(wet period) floods, illustrating the effect of reduced vegetation cover on sediment yield (from Pickup,
1991, after Department of Transport and Works, 1979).

more angular surfaces cut below them. This had been implicit in the distinction between
the old and new plateaux in Western Austraha (Jutson, 1934; Mabbutt, 1961) and a
similar contrast could be identified in the Alice Springs region. The older landscapes
comprise two main elements: first, uplands consisting mainly of resistant rocks which
have not yet yielded to thorough weathering and duricrusting but which nevertheless
exhibit a degree of smoothing and weathering alien to the prevailing geomorphic regime
of arid Australia; and second, land surfaces bearing gently sloping duricrusts over
weakened substrates, representing 'a depth, degree and character of weathering
incompatible with the present chmate' (Mabbutt, 1965, p.83).
To Mabbutt, the generally smooth forms and weathering characteristics of these land
surfaces were a clear indication of formation under more humid climates than the
prevailing arid climate of the Alice Springs region. Both of these land surface elements
were thus considered to be 'fossil' or 'relict' forms and were collectively termed the
'weathered land surface' to designate the total landscape as it existed at the time of
weathering. Younger land surfaces, formed by erosion or deposition below the general
level of the weathered land surface or deposited over the top (possibly exhibiting
superficial or incipient weathering), were thus excluded (Mabbutt, 1965).
2,3.1 The weathered land surface
In the Alice Springs region, Mabbutt considered the highest summit planes of the
Davenport-Murchison Ranges and the folded central ranges (Fig.2.2) to be the oldest
elements of the weathered land surface. On the basis of the regional stratigraphy,
Mabbutt (1965, p. 108) suggested that the summit plane of the Davenport-Murchison
Ranges was 'at least of Lower Cretaceous age'. Hays (1967) termed this surface, and
others in the Tennant Creek area, the 'Ashburton Surface' and these were similarly
regarded as at least Cretaceous in age. More recently, Stewart et cil (1986) have
suggested that the strike valleys cut in the summit plane may have been eroded in the
middle Cambrian or earlier, making the Ashburton Surface itself older still. Hence, these
may be the oldest persisting, or stagnant, landforms in the world (Stewart et ai, 1986).
Stewart et al. (1986) attribute the longevity of these landforms to prolonged tectonic
stability and to low rates of weathering and erosion, resulting from remoteness from
coasts, low elevation and stable parent material. The tectonic stability of this northern
part of the region over much of the Phanerozoic is well-established (Mabbutt, 1965;
Plumb, 1979) having escaped the Alice Springs orogeny of the folded central ranges.
Hence, if the inferred Cambrian age for the Ashburton Surface is correct, the summit
plane of the Davenport-Murchison Range must considerably pre-date even the highest

surfaces of the Devonian-Carboniferous folded central ranges, which Mabbutt (1967)
tentatively suggested had an equivalent time-span.
In the Sandover, Bundey and Woodforde catchments, where the uplands largely consist
of crystalline ranges, the unambiguous identification of summit surfaces is more
problematic. While Mabbutt (1965) considered duricrusted or bevelled fragments of a
higher plain cannot be found on the crystalline rocks, Shaw and Warren (1975) refer to
the levelled tops of the crystalline Harts and Strangways Range in the Sandover River
catchment and consider these as correlates of the Ashburton Surface. In the Bundey
River catchment, Freeman (1986) noted the bevelled tops of the sedimentary Dulcie
Range but did not attempt to correlate this with other surfaces in the region or to assign
any age to the surface. In the area of the Woodforde River catchment, Mabbutt (1965)
claimed that evidence of a higher landscape is only locally witnessed by subdued rounded
forms on the harder sedimentary (quartzite) inliers of the Reynolds Range but Thompson
(1991) has extended the Ashburton Surface to cover the eastern end of the range.
Linked with the history of the upland surfaces in Alice Springs region is the widespread
development of transverse drainage across the regional geological structures that is so
strikingly developed in many areas, particularly in the Davenport-Murchison Ranges and
the folded central ranges. Tranverse drainage is best exemplified by the courses of the
major south and southeast draining rivers across the grain of the folded central ranges,
particularly that of the Finke River in the western Macdonnell Ranges, where it has
provoked much discussion as to its origin and development (e.g. Ward, 1925; Madigan,
1931; King, 1950; Mabbutt, 1966; Budel, 1982; Pickup et ciL, 1988; Young, 1989). In
the Sandover, Bundey and Woodforde River catchments, transverse drainage patterns are
only locally developed, such as where the Sandover and Bundey Rivers break through
the Northeastern Plateaux, which mark the rim of the Georgina basin structure (Section
2.2.2.1). In view of the difficulties of identifying summit surfaces in the uplands,
reconstruction of the landform and drainage history in these catchments hinges on the
form of the lower elements of the weathered land surface and the distribution of later
Tertiary cover rocks.
In the Davenport-Murchison Ranges and the folded central ranges, the development of the
tranverse drainage pattems was coeval with formation of lower elements of the weathered
land surface. These lower elements are represented by erosional surfaces, such as
bevelled quartzite ridges (Mabbutt, 1966; Twidale, 1994; Twidale and Campbell, 1992,
1995), and depositional surfaces with duricrust development, such as the high gravel
terraces of the Finke River (Mabbutt, 1966). Elsewhere in the central ranges, extensive
depositional weathered land surfaces are found in the larger intermont basins in areas of

igneous and metamorphic rocks, commonly along belts of softer schists of the Arunta
complex, as exemplified by the Garden basin (Hale basin - Senior et al, 1995) in the
headwaters of the Hale River (Mabbutt, 1965). Deep weathering profiles are also
prominent in the headwaters of the Woodforde River, where partial stripping of
weathered rock has left an extensive lag of quartz gravels on the drainage divide with
Napperby and Day Creeks (Stewart, 1982).
Beyond the uplands, the weathered land surface in the Alice Springs region is represented
by remnants of the once extensive duricrusted plains. South of the central ranges the
former plain generally survives as flat-topped mesas and escaipment 'breakaways', up to
120 m high, displaying siliceous duricrusts over deeply-weathered rocks (Mabbutt, 1965;
Twidale and Milnes, 1983). The basinal form of many mesa tops suggests that they
represent old valley floors in which the silcrete accumulated, thus providing an example
of local relief inversion (Twidale and Milnes, 1983; Twidale and Campbell, 1993, 1995;
Pain and Oilier, 1995). North of the central ranges, the weathered land surface is
represented by erosional plains, mainly cut in gneiss and schists of the Arunta Block,
with areas of weak sedimentary rock in the northeast, and showing varying degrees of
former lateritic weathering. Although the depths and patterns of weathering vary with
rock type and topographic situation, reconstruction of weathered land surface by
extrapolation from surviving remnants ('form-lines'), led Mabbutt (1965, his Fig. 1) to
interpret the lateritic plains as a single part of the weathered land surface, showing a
general northwards descent and little evidence of tectonic disturbance. On the basis of the
form-lines, Mabbutt (1965) considered that prior to laterisation there was already a welldefmed upper Sandover valley between 510 and 610 m above sea-level and that the upper
Bundey and its tributaries traversed a very broad, shallow basin at a lower level to the
east. The two basins were separated by a gently sloping divide attaining 550 m.
Subsequent weathering followed these contours and thus the resulting weathered land
surface was gendy and broadly sloping. To the north of the Alice Springs region, Hays
(1967) termed a similar surface bearing lateritic weathering profiles the 'Tennant Creek
surface' and later workers have extrapolated this surface across parts of the Sandover and
Bundey catchments (e.g. Shaw and Warren, 1975; Stidolph et al, 1988; Thompson,
1991).
In other areas of inland Australia, remnants of similar duricrusted land surfaces are also
dominant geomorphic elements over large areas, and have provoked much discussion as
to their genesis, age and climatic significance (for reviews see Twidale, 1983, Milnes and
Twidale, 1983 and Bourman, 1993a, b). In the Alice Springs region, Mabbutt (1965)
noted that the time-relationship of the silcrete and laterite was not clear but in many
writings (e.g. Mabbutt, 1962, 1965, 1967) tended to regard the silcreted and lateritic

plains as landscape near-equivalents, with lithologic and topographic factors the major
controls on their distribution. Other workers (e.g. Langford-Smith, 1983) have argued
for a marked silcrete/laterite sequence over much of the presently arid regions of
Australia. In the Alice Springs region, the erosional surfaces predominating on the
duricrusted plains, and their contrast with the depositional surfaces now largely covering
them, suggested a more effective drainage system at the time of weathering, presumably
with integrated, out-going river systems (Mabbutt, 1965, 1967). Similarly, the
weathering profiles themselves were taken as indicative of formation under more humid
climates in the past, although possibly drier at the time of weathering than in areas of
northern Australia (Mabbutt, 1962, 1965, 1967).
With regards to the age of the duricrusts, Mabbutt was more tentative, noting that the
onset of deep weathering was difficult to establish, and 'may have been remote ... even
on the geological scale' (Mabbutt, 1966, p. 109). On the basis of the regional stratigraphy
and geomorphic associations, however, Mabbutt (1965) regarded the silcreted plain of the
southeast and the laterised Northern Plains as post-Lower Cretaceous in age, thus
representing the 'cyclic equivalents' of the lower elements of the weathered land surface
in the uplands, such as the high gravel terraces of the Finke River and the weathered land
surface in the Garden Basin.
In many areas of the Northern Plains, a minimal age of middle to late Tertiary is
suggested for laterite formation by the accumulation of lacustrine and fluvial siltstones,
sandstones, conglomeratic sandstones and chalcedonic limestones that disconformably
overlie the laterite (Mabbutt, 1965, 1967). Originally informally named the 'Alcoota
beds', the sequence was later termed the 'Waite Formation' and the rich fossil assemblage
contained in the basal lacustrine siltstones designated as the 'Alcoota fauna' (Woodburne,
1967). Bones and teeth of diprotodontids, a number of large emu-like birds, freshwater
crocodiles, and a wallaby-sized macropodid provide evidence of a thriving fauna in at
least subtropical conditions and were suggested to be either late Miocene or possibly early
Pliocene in age (Woodburne, 1967). Similar areas of outcrop in the Bundey and Plenty
basins have been termed Waite Formation equivalents (Freeman, 1986; Section 2.2.2.1).
2.3.2 Erosion of the weathered land surface
Whilst the warm and relatively wet environments of early to mid/late Tertiary times are
well documented and supported by a range of faunal, sedimentological and geomorphic
evidence over much of the Australian inland, the nature of the late Tertiary to early
Quaternary environmental changes are far less well known (Bowler, 1976). In the Alice
Springs region, however, the evidence indicates that formation of the weathered land

surface was followed by initiation of a new cycle of erosion. This resulted in dissection
and modification of the weathered land surfaces and the formation of newer surfaces at a
lower level.
Mabbutt (1962, 1967) largely attributes the renewed fluvial activity of this period to
tectonic movements affecting the region, but the effects were non-uniform across the
region. The major differences were to the north and south of the central ranges, reflecting
the contrast between a subsiding sedimentary basin in the southeast and a relatively stable
northern shield (Mabbutt, 1962, 1967). For instance, in the southeast of the region, late
Tertiary subsidence in the Lake Eyre depocentre, and the erosive effects of the more
integrated Finke drainage system caused dissection of the weathered land surface along
the margins of the Great Artesian basin and incision of tributary drainage in the central
ranges (Mabbutt, 1962, 1967; Thompson, 1991). With renewed stability of the land
surface, a new erosion surface was formed at a lower level. This surface is particularly
well developed on softer rocks in catchments tributary to the Finke River in the southeast
(Mabbutt, 1962, 1967) but unlike the older surfaces, it is unweathered or only
superficially weathered.
In contrast to the renewed erosional activity in the Southern Desert basins, the relatively
stable weathered land surface north of the ranges was little modified (Mabbutt, 1962,
1967; Thompson, 1991). Some earth movements associated with the deepening of the
Georgina and Great Artesian basins occurred in the area of the Northeastern Plateaux
(Mabbutt, 1967) but, in general, only the slightest renewal of erosive activity occurred.
This mainly involved the shallow dissection and extensive stripping of the weathered rock
layer and widespread exposure of the former weathering front (Mabbutt, 1962, 1967;
Thompson, 1991).
2.3,3 Aggradational
episodes
At some stage after the onset of erosion of the weathered land surface, aggradation began
in the lower parts of the landscape. Mabbutt (1967, p. 166) considered that the major
cause of the change from an erosional to a depositional regime was undoubtedly chmatic,
namely the increasing dessication of central Australia and the disorganisation of drainage,
resulting in the present pattern of interior drainage with poorly-integrated, ephemeral
drainage networks. In support of the argument for change to a more semi-arid
geomorphic regime, Mabbutt (1965, 1966, 1967) cited a range of evidence, including the
regrading of hillslope-pediment profiles, increases in drainage texture resulting from the
proliferation of low-order channels and changes in the weathering characteristics of
alluvial terraces.

Further evidence of the trend towards semi-aridity is provided by the lacustrine and
fluvial, siltstones, sandstones and chalcedonic limestones that today form prominent
tablelands and plateaux in many areas of the Northern Plains, particularly in the
catchments of the Sandover and Bundey Rivers (Waite Formation and equivalents Section 2.2.2.1). On the basis of the 'Alcoota fauna' recovered from the sediments
(Section 2.3.1), Woodbume (1967, p. 16) suggested that although the initial deposition of
the sediments may have been in a climate similar to that in which the underlying laterite
developed, 'the beginning of deposition ... may indicate that the climate in the area was
changing from more tropical to more temperate'. In addition, the limestone units higher
in the formation and the occurrence of similar calcareous formations elsewhere in the
Alice Springs region and other parts of inland Australia (Woodburne, 1967; Mabbutt,
1967; Twidale and Milnes, 1983; Milnes and Twidale, 1983) suggest further continuation
of this trend. Mabbutt (1967) envisaged that the onset of semi-aridity in inland Australia
had led to the deterioration of river networks and to sediment accumulation by shallow
ponding of internal drainage systems.

In the catchments of the Sandover, Bundey and Plenty Rivers, however, there are also
suggestions that within this climatic context, earth movements - described by Mabbutt
(1967) as a differential peripheral upwarp of the Georgina Basin structure - may have
played a role in determining the areas of deposition. From mapping of the original
estimated 5200 km^ of chalcedonic limestone (Mabbutt, 1965, his Fig. 1), it is clear that
the larger area of deposition lay in the Bundey and Plenty catchments with a broad
secondary tongue extending into much of the upper Sandover valley. On the basis of
stratigraphie work, Mabbutt (1965, p.97) concluded that the deposits overlie the laterite
with moderate disconformity and that their thickness is fairly uniform: in other words,
slopes on the lateritic and limestone plains were similar. Mabbutt (1967) suggested that
movements associated with deepening of the Georgina and the Great Artesian basins had
led to relative downwarping within the arc of the Northeastern Plateaux (Dulcie Range
and Lucy Creek Plateau), creating a fall of the weathered land surface eastwards. In the
catchments of the Sandover and Bundey these movements were such as to cause
obstructive backtilting and ponding of drainage outside the plateaux arc, with subsequent
shallow fills of siltstone and limestone deposited over the laterite of the weathered land
surface (Mabbutt, 1967, p. 166-7). Today, the Sandover and Bundey break through this
plateaux arc in the area of the Dulcie Range (Fig.2.2) to form part of the centripetal
drainage of Lake Eyre. The passages of the Sandover and Bundey through the plateaux
are narrowly incised below the adjacent summits, in contrast to their upper valleys which
have preserved the broad shallow forms of the weathered land surface (Mabbutt, 1967;
Sections 2.3.1-2.3.2). As such, Mabbutt (1967) considered this pattern of transverse

drainage to be antecedent to the upwarp of the plateaux arc. Woodburne (1967, p. 15)
also interpreted the Waite Formation as the deposits of a north-flowing ('pre-Sandover')
river-lake system.

From the distribution of Tertiary sediments in the Waite basin (upper Sandover
catchment), however, Shaw and Warren (1975) have proposed a different interpretation
of drainage evolution of a large area of the Northern Plains. The Waite basin sediments
overlie the lateritic weathering profiles and consist of three units: a basal lacustrine
mudstone and siltstone sequence, the fluvial and lacustrine Waite Formation and a mainly
fluviatile capping of silty sandstone, mudstone and conglomerate. To the west of the
Sandover River catchment, a similarly extensive cover of Tertiary fluviatile and lacustrine
deposits is termed the 'Hanson Plain'. Shaw and Warren (1975, p.25) claim that prior
southwards and eastwards draining river systems initially deposited the sediments of the
Waite basin and the Hanson Plain but that:

During a later period, possibly in the late Pliocene or early Pleistocene, uplift may
have occurred along the site of the present Strangways and Harts Ranges, producing a
reversal of drainage ... from a southerly and easterly to a more northerly direction ...
The drainage reversal and vigorous stream incursion could also be partly due to
continued subsidence in the Lake Eyre depression affecting the grade of the local
drainage.

As evidence for this tectonism, two examples of small-scale faulting were cited.
Subsidence 'probably to the north' of the Waite basin was also suggested to have played
a role in terminating the postulated original southwards and eastwards drainage (Shaw
and Warren, 1975, p.27). Following the postulated tectonic movements, the present-day
Plenty River continued eastwards in the direction of the earlier river system but the
Sandover, Bundey, Hanson (and presumably Woodforde) River systems were suggested
to have developed on the new, largely north-dipping slopes resulting from uplift.

Despite providing stark contrast with Mabbutt's (1962, 1965, 1967) and Woodburne's
(1967) earlier stratigraphie descriptions of the relationship between the laterite and the
overlying Waite Formation and their inteipretations of drainage development, Shaw and
Warren (1975) make no reference to this work. In a recent study of the Cainozoic
sedimentary basins in the eastern part of the Arunta Block, Senior et al. (1995) have
essentially re-iterated Shaw and Warren's (1975) interpretation of the drainage history of
the rivers on the Northern Plains and have incorporated the postulated changes into a
regional stratigraphie framework which reconstructs the depositional, weathering,
climatic and tectonic history in the Alice Springs region.

There are several difficulties, however, with Shaw and Warren's (1975) interpretation of
the drainage history. First, postulated tectonic movements play a large role in their
scheme, which invokes a major drainage reversal relatively late in the histoiy of the area.
The evidence for this uplift is slight, however, and even Shaw and Warren seem
confused as to the location and to the timing in relation to other earth movements, such as
in the Georgina basin. Second, invoking a late Tertiary/early Pleistocene drainage
reversal necessitates rapid drainage basin development during the Quaternary. This
seems unlikely given the evidence for the long-term trend to aridity in central Australia
(Section 2.3.4), which generally tends to preserve rather than obliterate pre-existing
forms (e.g. Mabbutt, 1967; Cooke et aL, 1993; Twidale and Campbell, 1995). Third,
Shaw and Warren's scheme leaves a number of important questions unanswered. For
example, the large source area required for the deposits of the presumed southerly and
easterly flowing river is not addressed. Similarly, no account is taken of the form of the
weathered land surface, the well-developed Sandover and Bundey valleys or the presence
of deep alluvial deposits beyond the Northeastern Plateaux, all of which suggest drainage
continuity over far longer timescales (Mabbutt, 1965; Stidolph et al, 1988).
In view of the difficulties with Shaw and Warren's (1975) scheme, the earlier
interpretations of Mabbutt (1965, 1967) and Woodburne (1967) provide the most likely
scenario for the deposition of the Waite Formation and equivalents and the associated
history of the rivers on the Northern Plains. IiTespective of the depositional history of the
Tertiary sediments, however, they have since been removed from large areas of the
Northern Plains, although dissection and stripping has proceeded in a different fashion in
the catchments of the Sandover, Bundey and Plenty Rivers. Where the siltstones,
sandstones and chalcedonic limestone cover has been removed and the laterite reasonably
well-preserved, exhumed plains have resulted. Elsewhere, such as along the northwards
draining Sandover and Bundey systems, erosion generally has not proceeded below the
weathering front and the younger surfaces are essentially etch plains, characterised by
broad valleys, low rounded hills and retreating scarps (Mabbutt, 1965; Shaw and
Warren, 1975). In contrast, the east-going Plenty River, reacting to base-level change in
the Lake Byre depocentre, has incised up to 15 m below the weathering front (Mabbutt,
1965) and control of landscape development by pre-weathering is less evident.
Beyond the arc of the Northeastern Plateaux, Shaw and Warren (1975) have mapped a
'region of outwash' in the Sandover catchment, which they consider to have resulted
from erosion of the Waite basin sediments following the postulated drainage reversal.
Downvalley of their respective passages through the plateaux, the Sandover and Bundey
respectively run northeast and north towards the low plateaux of sedimentary rocks at the

southeastern end of the Davenport Range (Section 2.2.2.1). Below the confluence of the
two rivers, the Sandover-Bundey turns east to traverse the plains towards the Georgina
River in western Queensland. In this region of the Northern Plains, Mabbutt (1965)
considered that subsidence in the Georgina Basin has influenced the development and
modification of the lower elements of the weathered land surface leading, for instance, to
increasing depth of river incision below the weathering front and to dissection of the
weathered plains into low plateaux. Similarly, Stidolph et al. (1988) consider the low
plateaux and other isolated hills in this area to be the equivalent of Hays' (1967) 'Tennant
Creek surface'.
2.3,4

Younger

landscape

elements

Despite uncertainties surounding the exact nature of the late Tertiary-early Quaternary
climates and the associated landscape changes, 'the geological evidence of a trend
towards increasing dessication is beyond dispute' (Bowler, 1976, p.282-3). In addition
to the accumulation of freshwater limestones, a further consequence of the continuing
trend to aridity was disorganisation of drainage patterns in the Alice Springs region
(Mabbutt, 1962). Many tributaries increasingly failed to reach the larger trunk channels
and large rivers, which formerly persisted beyond the Alice Springs region as integrated
systems, found themselves progressively severed from their original destinations, leading
to the present-day pattern of interior drainage. The result of drainage breakdown was the
widespread establishment of depositional plains and the abandonment of drainage lines
often cemented with surface limestones (Mabbutt, 1962). Calcreted trains are particularly
well-developed along the axis of the Amadeus depression south of the central ranges as
well in many areas of the Northern Plains (Evans, 1972; Shaw and Warren, 1975;
Sullivan and Johnson, 1978; Stewart, 1982; Arakel and McConchie, 1982; Stidolph et
al., 1988; Senior et al., 1995). In some areas, shifts of course accompanied drainage
disorganisation: for instance, the Hanson and Landar rivers locally intersect and follow
northwesterly, structurally-guided, Cainozoic valleys revealed by old calcreted valley fills
(Mabbutt, 1977).
Despite clear evidence of the continuing trend to aridity, the Quaternary period was also a
time of dramatic environmental fluctuations, with a number of warmer, wetter periods
alternating with cooler, drier periods. Such pluvial-inteipluvial sequences were probably
broadly linked to the worldwide glacial-interglacial cycles (Bowler, 1976; Nanson et al.,
1992b). These climatic fluctuations resulted in the formation of widespread colluvial,
lacustrine, alluvial and aeolian deposits throughout the region, which either mantle older
landscape elements or occupy the lowest parts of the landscape. These deposits have
accumulated alongside depositional surfaces of much greater antiquity, such as the high

gravel terraces of the Finke River (Mabbutt, 1966) or the Garden (Hale) Basin fill
(Mabbutt, 1965; Senior et al., 1995), which formed during the earlier period(s) of
Tertiary weathering (Section 2.3.1). Hence, the 'depositional surfaces' of Mabbutt
(1962) now provide more than half the surficial cover in the region.
Despite the widespread distribution of depositional surfaces throughout the Alice Springs
region, relatively little is known about the alluvial and aeolian deposits resulting from
Quaternary climatic fluctuations. Mabbutt (1967) stated that the expression of climatic
periodicity in alluvial landforms is most marked in and flanking the ranges, such as in the
piedmont gravel terraces of the western Macdonnell Ranges, but he considered that a
confirmatory record also exists on adjacent plains. This is revealed by the work of
pedologists (e.g. Litchfield, 1969; Wright, 1978) who have suggested at least four
phases of fluvial deposition based on soil profile characteristics and weathering. On the
plains adjacent to the Macdonnell Ranges, for instance, Litchfield (1969, pp.3-4)
recognised five alluvial systems of deposition subsequent to the earlier period of deep
weathering and duricrusting and suggested that the magnitude of each alluviation 'is in
harmony with apparent major fluctuations of late Quaternaiy climate'.
Mabbutt (1962) initially considered that there was only one major phase of aeolian sand
movement in the region and fixed the development of the widespread aeolian landforms
relatively late in the history of the region. Although he later modified his ideas to take
greater account of the likely diachronous nature of dune formation (Mabbutt, 1967), he
noted that there was little conclusive evidence for the age or ages of the aeolian sands.
Following the last major period of sand movement, Mabbutt (1967) suggested that there
had been slight climatic amelioration, evidenced by the 'fossilised' nature of sandplain
and dunes, the development of soil profiles on aeolian surfaces, and the extension of
alluvial tracts and floodouts into dune swales, such as in the northwest Simpson Desert.
In contrast to earlier alluvial episodes, this latest phase of fluvial deposition,
corresponding to Litchfield's (1969) Amoonguna Surface, was said to be of restricted
extent and and predominantly of fine-textured sediment (Mabbutt, 1967). Later
commentaries on parts of the Sandover, Bundey and Woodforde River catchments,
however, have considered fluvial activity to have been much more vigorous following the
deposition of sandplain resulting, for instance, in the widespread formation of floodplains
and 'fans' (e.g. Shaw and Warren, 1975; Stidolph etal., 1988).

2,3,5

Recent findings

on Cainozoic

change

Clearly, much of this work on the geomorphological history of the Alice Springs region
suffers greatly as a result of poor chronological control. Recent advances in dating
techniques, however, particularly the use of magnetic and thermoluminescence (TL)
dating methods, have begun to provide a more secure chronology for interpretations of
Cainozoic environmental and landscape change.
The most detailed chronostratigraphic records from the Alice Springs region of central
Australia have been provided by the study of play a lakes and surrounding aeolian dunes.
Palaeomagnetic and TL dating of sediments at Lakes Amadeus and Lewis (Chen and
Barton, 1991; Chen et al, 1990, 1991a, b, 1993, 1995) have provided the first late
Tertiary and Quaternary sedimentary sequences from the Alice Springs region. Cainozoic
sediments from Lake Amadeus consist of two major units: the Uluru clay; and the
overlying Winmatti beds (Chen and Barton, 1991 ; Chen et al, 1993) (Fig.2.10). At least
60 m of Uluru clay overlies Proterozoic dolomitic limestone, and consists of uniform clay
horizons with minor intercalated gypsum. The basal part of the Uluru clay is estimated to
be over 5 Ma old (late Miocene or Pliocene in age) and the unit provides a record of Late
Tertiary and early Quaternary deposition under shallow lacustrine and fluvial
environments, with conditions periodically saline and frequently dry. In contrast, the
Winmatti Beds, comprising the top few metres of sediment, are characterised by aeolian
sand, gypsum-clay laminae and thick gypsum sands (Fig.2.10). The deposits indicate
major climatic fluctuations during late Quaternary time, with significant alternation of
sedimentary environments from saline playa to aeolian sandplain (Chen et al., 1993).
The transition from the Uluru clay to the Winmatti Beds probably occurred between 1.60.91 Ma (Chen and Barton, 1991; tentatively correlated with the Jamarillo subchron Chen et ai, 1993) and indicates a major hydrologie change from a surface water
dominated system to a groundwater discharge playa system.

Furthermore, the

association of the Winmatti Beds with aeohan deposits indicates the dominance of major
aridity for the first time in the Cainozoic history of the region (Chen et ai, 1993).
The aeolian dunes surrounding Lakes Amadeus and Lewis represent depositional
episodes during the late Quaternary. Two different dune systems can be recognised:
transverse gypsiferous dunes associated with the playa lakes; and regional quartz
dunefields (Chen et al., 1991a; Chen et al., 1993, 1995). At least two episodes of
gypsum dune formation can be recognised at each lake site. At Lake Amadeus, the
stratigraphie relations and sedimentary features of the older gypsum dunes are unclear but
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they almost certainly formed after the Uluru clay (Chen et al, 1993) (Fig.2.10). At Lake
Lewis, four TL samples from the older gypsum dunes indicate a minimum age for
formation of 70-80 ka (Chen et al, 1995). TL ages of the younger gypsum dunes from
the two sites indicate formation between 33 ka and 59 ka, implying higher regional
groundwater tables and a wetter climate with seasonal drying. Following this period of
gypsum dune formation, reactivation of the regional quartz dune field around the time of
the Last Glacial Maximum (LGM - c.22-18 ka) is indicated by two TL dates from the
quartz dunes surrounding Lake Lewis (Chen et al, 1995).
Further TL dates for aeolian deposits from the Alice Springs region have been provided
by Nanson et al.'s (1995) study of the regional dune field and source-bordering dunes
near Finke township on the western margin of the Simpson Desert (Fig.2.11). In this
area, the regional dune field consists of linear dunes largely reworked and aligned during
the last glacial (30-12 ka). The oldest dated source-bordering dunes were deposited
c.lOO ka and are now buried beneath paler source-bordering dunes. The younger sourcebordering dunes consist of a lower unit dating to 17-9 ka and an upper unit dating to 5-0
ka (Nanson et ai, 1995) (Fig.2.11).
In the Ahce Springs region, therefore, the oldest TL dates for quartz dunefields so far are
relatively young: c.37 ka for the sandplain near lake Lewis (Chen et ai, 1995) and c.30
ka for the regional linear dunefield near Finke (Nanson et al., 1995). However, the
evidence for the onset of aeolian activity in central Austraha between 1.6-0.91 Ma (Chen
and Barton, 1991, Chen et al., 1993), and TL ages greater than 250 ka for linear dunes in
less arid areas peripheral to the Simpson Desert (Wasson, 1986; Nanson et al, 1988),
suggests that these young TL ages probably reflect the reworking of older dunes. The
oldest undisturbed dunes probably survive around the margins of the Australian arid zone
where aeolian activity and hence reworking is less intense (Bowler, 1976; Nanson et al.,
1992a; Nanson et al., 1995). As such, the TL ages for aeolian activity in the Alice
Springs region say little of the age of initiation of the dune fields.

In contrast to the chronologies obtained from from playa lakes and dune fields, there are
very few dated fluvial sequences in the Alice Springs region. Radiocarbon dates for
slackwater sequences in the Finke River gorge (Baker et al., 1983a, b; Pickup et ai,
1988; Pickup, 1991) provide a record of large floods over the last 850-900 years but the
alluvial sequences on the adjacent plains remain largely undated. TL ages for deposits of
the Ross River plain (Patton et al., 1993), however, provide a record of Holocene fluvial
and aeolian activity indicating a series of late Holocene fluvial deposits overlying much
older (>58 ka) heavily weathered alluvium. TL ages for the Finke River floodplain
(Nanson et al., 1995) indicate alluvial deposits older than 90 ka but with little surviving

evidence of fluvial activity until the early Holocene (c.9-5 ka) (Fig.2.11). Evidence from
this location also suggests decreasing fluvial activity in the late Holocene (5-0 ka) with
channel infilling and slower rates of vertical floodplain accretion (Nanson et ai, 1995).
Apart from the findings presented in this thesis (Chapter 8), there are no dated alluvial
sequences for the rivers on the Northern Plains.

2.4 CONCLUSION
This chapter has provided the broader spatial and temporal setting for a study of the
morphology, dynamics and sedimentary history of the Sandover, Bundey and
Woodforde Rivers. It emphasises the need to view contemporary fluvial landforms in the
Alice Springs region in the context of longer term landscape and drainage development.
The general lack of reliable chronological markers for the Cainozoic era restricts the
degree to which details of climatic, tectonic and geomorphic changes can be
reconstructed. Nevertheless, for many parts of the region, such as in the catchments of
the Sandover, Bundey and Woodforde Rivers, there is evidence for landform inheritance
from earlier, contrasting morphogenetic regimes. The survival of palaeoforms, such as
upland summit surfaces and duricrusted plains, over extremely long periods of time is a
considerable challenge to traditional models of long-term landscape evolution (Twidale,
1976, 1994; Twidale and Campbell, 1995).
In addition, for many rivers in the region, there is good evidence of drainage continuity
since at least the early Tertiary. In the catchments of the Sandover, Bundey and
Woodforde Rivers, the broad pattern of landforms tends to indicate that the headwater
and piedmont channels are incised into older land surfaces, with more recent (Quaternary)
alluvial deposits relatively limited in spatial extent. In many instances, these older land
surfaces bear the imprint of the widespread Tertiary episode(s) of deep weathering and
duricrust development or preserve remnants of the late Tertiary accumulations of
lacustrine and fluvial sequences. Subsequent fluvial activity has tended to preserve the
broad, shallow forms of the weathered land surface. In the middle to lower reaches of
the catchments, however, the weathered land surface has been eroded or buried in many
places by later alluvial and aeolian deposits. Nevertheless, in the northeast of the
Sandover-Bundey catchment, there are extensive tracts where the weathered land surface
has not been buried, such as on the Ooratippra Plain. Key aspects of drainage
development in these catchments, such as the breakdown of the formerly betterintegrated, out-going drainage, and the expression of Quaternary climatic fluctuations in
alluvial landforms and deposits, are little known at present, other than in the most general
terms.

Contemporary drainage patterns in the catchments of the Sandover, Bundey and
Woodforde Rivers can be envisaged in terms of a variant on Schümm's (1977) zonal
concept of the river system, by subdividing the catchments into upland, piedmont,
lowland and floodout zones. The links between these zones in the functioning of the
drainage systems, on both contemporary and longer (late Quaternary) timescales, is a key
theme of this thesis and is explored in Chapters 4 to 9.

Before focusing on the

downstream channel changes through the zones (Chapter 4), Chapter 3 provides an
outline of the investigative design and the methods and techniques employed in field data
collection and laboratory analysis.

CHAPTER 3
INVESTIGATIVE DESIGN, METHODS AND
TECHNIQUES
3.1 INTRODUCTION
The large, remote and sparsely populated Alice Springs region of central Australia
presents both potentials and problems for a study of the fluvial geomorphology.
Problems of access to various parts of the region and the lack of reliable data on stream
flow or sediment transport imposes a limitation on the nature of the studies that can be
attempted. To address the aims of this study, which involve the description of
contemporary fluvial forms and processes and the investigation of longer term channel
dynamics (Chapter 1), a range of methods and techniques was needed, involving both
field and laboratory based work.
This chapter consists of three parts. First, a description is given of the investigative
design and the field and laboratory techniques employed in the study of channel forms
and deposits, from which basic descriptive morphometric and sedimentary parameters are
derived (Sections 3.2-3.3). Second, an outline is given of the theory and assumptions
underlying the methods used to calculate the basic hydraulic parameters of discharge,
stream power and shear stress which are widely referred to in subsequent chapters
(Section 3.4). Third, an outline is given of the thermoluminescence and uranium-thorium
dating techniques employed in this study for the dating of alluvial and aeolian sediments
(Sections 3.5-3.6).

3.2 FIELD INVESTIGATIVE PROCEDURES

3,2,1 Channel morphology and sediments: surveying and sampling
Subdivision of the Sandover, Bundey and Woodforde catchments into upland, piedmont,
lowland and floodout zones (Chapter 2) provided a point of departure from which to
conduct a more detailed investigation of the channel systems per se. Given the large size
of the Sandover and Bundey Rivers, and problems of access to certain parts of all three
rivers, field investigation was largely through the study of approximately 1 km long
'representative' reaches (Gordon et al, 1992) which were thought to characterise far
longer stretches of channel. The reaches were chosen on the basis of interpretation of
aerial photographs and the location within the catchment, many being at key points in the
drainage network, such as downstream of major confluences or tributary junctions.

Along the middle Sandover River, access was restricted in some areas of Aboriginal Land
but this did not seriously affect the selection of reaches. Study of the representative
reaches was supported by observations and descriptions made at numerous other
accessible sites in the network and by the extensive use of aerial photographs.
In each representative reach, three channel cross-sections approximately 500 m apart were
surveyed and linked by a survey of the channel bed slope. Surveying was mainly
conducted using a Wild dumpey level. During the cross-section surveys, the traverses
were extended far from the channel in order to capture levee banks of low relief, alluvial
terraces or source-bordering dunes. Channel bed slopes were surveyed along the channel
centreline over a distance of approximately 1 km. In the lowland zone of the smaller
Woodforde River and in the floodout zone of all three rivers, the representative reach
approach was abandoned in favour of looking at gradational change. Cross-sections
were more widely spaced or located where hydrologically interesting changes took place,
with surveys of the channel bed slope conducted in a number of reaches.
In the representative reaches, on the line of each cross-section, samples of the material in
the left and right banks and in the channel bed were collected for later grain size analysis.
Where the focus was on gradational change, bank and bed samples were taken at a
number of locations. In the instances where more than one channel could be defined,
such as in the multiple channel reaches of the Bundey and Woodforde Rivers (Chapter 5),
a number of additional samples were taken from the channel banks and beds.
For the fine-grained bank sediments typical of the Sandover, Bundey and Woodforde
Rivers, samples were collected for later analysis of the percentage of silt and clay (Section
3.3.1). Samples were collected by removing the outer 5-10 cm of material from a
homogeneous piece of bank, inserting a small plastic container and taking 30-40 g of
material. Additional descriptions were made using particle-size analysis cards and
Munsell soil colour charts. In all cases, Munsell soil colours were determined using airdried samples.
For the coarse-grained bed sediments typical of most reaches of the Sandover, Bundey
and Woodforde Rivers, samples were collected for later analysis by mechanical seiving
(Section 3.3.2). However, the great width of many cross-sections and the large lateral
variations in grain size (fine sands to pebbles) presented considerable problems for
obtaining a representative sample. Given the large number of sections involved, and to
avoid the often unworkably large sample masses required for a full grain-size analysis of
heterogeneous bed populations whereby the largest grain should not exceed more than
about 0.1% of the total sample weight (Church et al, 1987; Gale and Hoare, 1992),

analysis of bed material was largely restricted to the sand and granule gravel range. In
many locations, large areas of the channel bed were subject to considerable wind deflation
and thus samples were collected by removing the top 5-10 cm of sediment from the
centreline of the channel and inserting a small plastic container into the bed. Sample sizes
ranged from approximately 100-120 g for coarse sands and granule gravels to around 5060 g for medium to coarse sands. In the few areas where bed material consisted of fine
sands and below, 30-40 g of material was collected by the same method, and the sands
later separated from the silt and clay fraction by wet seiving (Section 3.3.1).
This sampling procedure excluded the pebbles and cobbles evident in some sections of
the channels, such as on mid-channel bars or in the lee of in-channel trees, but rarely did
these particles of this calibre cover more than 5% of the bed surface area and they were
not thought to significantly affect channel hydraulics and/or channel geometry. Similar
reasoning has been used in the sampling of bed material in ephemeral channels elsewhere
(Schümm, 1961b, p.50). As such, the samples analysed (Section 3.3.2; Chapter 4)
cannot be considered as a full analysis of the range of material found on the channel bed.
Nevertheless, the samples are thought to be representative of the vast bulk of transported
bedload sediment. In the few cases where pebble and cobble gravels covered a larger
percentage area of the bed, the a, b and c axes of a range of particles were measured.
Additional descriptions of particle shape were made using Sneed and Folk (1958) ternary
diagrams or images for the visual assessment of pebble roundness (e.g. Krumbein, 1941)
(see also Gardiner and Dackombe, 1983; Benn and Ballantyne, 1993).
Throughout this thesis, the Udden (1914) and Wentworth (1922) grain size scale is used
for the description of particle sizes (see Folk, 1974, p.25; Gale and Hoare, 1991, p.589). For brevity of discussion, however, little distinction is drawn between very fine and
fine sand or between coarse and very coarse sand, unless otherwise stated.

The

description of particle size mixtures (such as bank or bed sediments) follows Folk (1954)
(see also Gale and Hoare, 1991, p.61-2).
3.2.2

Sampling

of sub-surface

sediments

To investigate the nature of the sub-surface sediments in the floodout zones of the
Sandover and Sandover-Bundey Rivers, a program of shallow drilling was carried out
(Chapter 7). Drilling was conducted using an Edson 360, hydraulic, truck-mounted, drill
rig operated by the Australian National University, Canberra. Drilling was mainly by
solid augering, with sampling and description of sediments at 1-1.5 m intervals. Hollow
augering was used in a few instances for recovery of continuous cores or samples for
thermoluminescence dating (Section 3.5). Sediments were described by determining

Munsell soil colours on air-dried samples and by using particle-size analysis cards. In
some instances, problems were encountered during recovery of the typical non-cohesive,
dry sediments with sediment falling off the augers during retrieval and when uncoupling.
Where clean recovery was possible, however, selected samples were also collected for
later grain size analysis (Sections 3.3.1-3.3.2). The program of drilling in the floodout
zones was supplemented by hand augering, hand trenching and examination of bank
exposures in various locations along the length of all three drainage systems.
3.3
3,3.1

LABORATORY PROCEDURES
Size analysis

of fine-grained

sediments

Numerous methods for grain size analysis of samples containing material of sand grade
and finer can be found in the engineering and sedimentological literature (e.g. Folk, 1974;
Allen, 1981; Whalley, 1990; Gale and Hoare, 1991), together with a variety of
recommendations for sample pre-treatment and application of the methods.

Many

national engineering bodies (e.g. the American Society for Testing and Materials, the
British Standards Institution and the Standards Association of Australia) have also
developed standard procedures for the application of most of these methods. The method
or methods adopted in any study will depend on the objectives of analysis and the
inherent characteristics of the sample. In this study, most bank samples and a few
samples from fine-grained channel beds were analysed in order to obtain an indication of
the silt and clay content, expressed as a percentage of the total sample weight. Ratios of
sand to clay or to clay and silt provides a crude index of bank strength and/or soil
erodibility (Bouyoucos, 1935; Trask, 1959) and have been widely used in the basic
description of river channels. Furthermore, the percentage of silt and clay in the bed and
banks forms a key component in more quantitative attempts to explain channel
morphology (Schümm, 1960a, b, 1961a, b; Chapter 4).

Details of the procedures followed to determine the percentage silt and clay in sediment
samples are provided in Appendix 1. In short, this involved wet seiving by hand in order
to separate the silt and clay fraction of the sample from the material of sand grade and
coarser. Chemical treatment and dispersal of the sample prior to sieving largely followed
the recommendations in Gale and Hoare (1991). A sample size 30-40 g proved suitable
for analysis and collection of this amount in the field (Section 3.2.1) avoided the possible
errors introduced by splitting the sample in the laboratory (see Allen, 1981). For the
purposes of this study, full grain size distributions of the separate sand and silt-clay
fractions were not required.

3.3.2

Size analysis

of coarse-grained

sediments

As for fine-grained sediments, a number of methods exist for size analysis of samples
containing a large proportion of material of sand grade or coarser (Folk, 1974; Allen,
1981; Gale and Hoare, 1991). One of the simplest and most widely used methods is
mechanical sieving of dry samples and this was adopted for the channel bed samples
collected in this study. Full details of the sieving procedure followed are outlined in
Appendix 2. In short, each sample was passed through a British Standards nest of
stainless steel sieves using a vibration shaker. Sieves were stacked at 0.5 phi intervals
and ranged from -2 phi (4 mm) to 4 phi (63 |im) in aperture.
The engineering and sedimentological literature (e.g. Folk, 1974; BS1377, 1975;
AS1289.C6.1,

1977; Allen, 1981; Gale and Hoare,

1991) contains various

recommendations for initial sample weights, the length of sieving and the maximum mass
of material to be retained on each test sieve at the completion of sieving. Recommended
sample weights are generally in the range of 100-150 g for coarse sands and 40-60 g for
fine sands but this depends partly on sample sorting. Large samples of well-sorted sands
can cause clogging of sieves of certain apertures and therefore lead to inaccuracies,
whereas poorly-sorted samples usually results in a more even distribution of material
through the nest of sieves. Investigations of the effect of sieving time and sieving load
variations have been carried out and are summarised in Allen (1981, pp. 179-80). For the
poorly-sorted, medium to coarse sands and granule gravels typical of the Sandover,
Bundey and Woodforde Rivers, 100-120 g of material and a 15 minute sieving time
proved to be suitable. For finer samples, consisting mainly of fine to medium sands, 5060 g and the same sieving time was used. Collection of these amounts of material in the
field (Section 3.2.1) eliminated complications introduced by splitting the sample in the
laboratory (see Allen, 1981).
The data from dry sieving was analysed using an unpublished grain size program
(Gap_Two) written in PC format (B. Jones, pers. comm.). The percentages of material
in each size class are entered as raw data and the program calculates statistical parameters
of grain size and produces graphs of size analysis data. The statistical parameters of grain
size (Graphic Mean, Graphic Standard Deviation, Inclusive Graphic Standard Deviation,
Inclusive Graphic Skewness and Kurtosis) are derived from Folk and Ward (1957) and
Folk (1974).
3.3.3

Channel

morphometry

Data from the channel cross-section surveys was entered into the PC based program
LEVPLOT (Dunkerley, 1988) written in order to reduce field survey data. The program

permits the surveyed sections to be plotted on screen or as hard copy at a range of vertical
exaggerations. Through interactive manipulation of a line representing the level of the
water surface, the program allows the channel capacity (cross-sectional area), water
surface width and average depth to be determined for various stages. Furthermore, the
program is capable of handling cross-sections with multiple channels, such as are found
in many anabranching reaches of the Bundey and Woodforde Rivers (Chapters 4 and 5).
Dunkerley's (1992) study of Fowlers and Sandy Creek, western N.S.W., demonstrates
some applications of the program. The channel capacities, widths and depths determined
by LEVPLOT for the surveyed cross-sections formed the basis for the derivation of other
morphometric parameters, such as the width-depth ratios, wetted perimeters and
hydraulic radii.

The width-depth ratio of a channel has been widely used as a basic descriptor of channel
morphology, especially in Schumm's (e.g. 1960a, b, 1961a, b) series of papers
describing the relationship between channel shape and perimeter sediment. In certain
situations, however, the width-depth ratio may not always be the most suitable index of
channel shape and alternative measures may be necessary (e.g. Riley, 1972; Pickup,
1976a). Pickup (1976a, p. 10-11) outlines three main limitations of the width-depth ratio:
first, it measures shape only at the bankfull stage and its use is therefore hindered by the
problems of defining bankfull; second, it may not reflect some types of difference in
channel shape as a number of channel shapes can have the same width-depth ratio; and
third, as a result of insensitivity to some types of shape difference it may not reflect the
effect of variations in perimeter sediment characteristics. These limitations to the use of
the width-depth ratio do not generally apply to the channels of the Sandover, Bundey and
Woodforde Rivers, however, and the width-depth ratio is used as a basic index of
channel form throughout this thesis. Although width is generally taken as the width at
bankfull, many authors often do not specify whether the ratio stated is the widthmaximiim depth or the ^N\d\h-mean depth. Width-maximum depth ratios would seem to
be most commonly used (e.g. Schümm, 1960a, b, 1961a, b; Patton and Schümm, 1981)
but examples of the use of width-mean depth ratios can also be found (e.g. Gordon et ai,
1992, p.307; McEwan, 1994).

Where channels are roughly flat-bedded and near

rectangular, as for many of the channels of the Sandover, Bundey and Woodforde
Rivers, maximum depths differ little from mean depths and the ratio is little affected by
the difference in definition. For some of the larger channels of the Sandover and Bundey
Rivers, however, where bed elevation can fluctuate markedly across wide sandy sections,
use of maximum depths can often give a misleading impression of the shape of the
channel. Hence, unless otherwise stated, the width-depth ratios referred to throughout
this thesis have been calculated using mean depths.

3.4
3,4.1

HYDRAULIC CALCULATIONS
Discharge

Flow in natural open channels, particularly those of irregular form, is a highly complex
phenomenon and the study and prediction of its behaviour is an inexact science (Jenkins,
1987). Over the years, numerous expressions have been developed with the aim of
predicting variables such as velocity, depth and discharge for steady uniform flows in
open channels. The most commonly cited expressions are the Chezy formula, the DarcyWeisbach formula and the Manning equation. These expressions and their application
have been reviewed by the American Society of Civil Engineers (ASCE) (1963) and are
briefly outlined by Jenkins (1987). In view of the acknowledged effectiveness of the
Manning equation by the ASCE (1963) and the continued widespread use of this
expression in Australia, Jenkins (1987, p.60) recommended that the Manning equation
should be generally adopted in hydraulic calculations associated with steady flow in open
channels of medium to large size.
A common application of the Manning equation is the calculation of the discharge
associated with uniform flow at a given depth in a channel of a given geometry, slope and
boundary roughness. Hence, in the absence of gauged discharge data for the Sandover,
Bundey and Woodforde Rivers (Chapter 2), discharges have been estimated at various
locations by means of the Manning equation. The expression is essentially an empirical
equation, based upon field observations and laboratory measurements (Jenkins, 1987)
and is commonly given in the form:
V =
where V = the mean velocity of flow (m/s)
R = the hydraulic radius (m)
S = the slope of the energy hne (m/m)
n = the Manning roughness coefficient
As the Continuity Equation states that:
Q = V.A
where Q = the discharge for a given depth of flow (m/s"'')
A = cross-sectional area of flow (m")
then the Manning equation can be rearranged to solve for Q. Hence:
Q = (l/n).A.R-'\s"'

The following provides a brief outline of the methods used to estimate each of the
variables in this equation (A, R, S and n) for the channels of the Sandover, Bundey, and
Woodforde Rivers. Estimated discharges and the downstream changes are discussed in
Chapter 4.
3.4.1.1 Cross-sectional area (A) and hydraulic radius (R)
To assess the magnitude and rate of downstream changes in inferred flow conditions
along the Sandover, Bundey and Woodforde Rivers, a consistent reference discharge is
required. As a result of the apparent consistency in the frequency of bankfull flows,
many early studies used bankfull discharge as the basis for such comparisons (e.g.
Wolman and Leopold, 1957; Nixon, 1959; Dury, 1959; Dury et al, 1963; Leopold et al,
1964; Woodyer, 1968). Furthermore, evidence from process studies (Wolman and
Leopold, 1957; Wolman and Miller, 1960; Leopold et al, 1964) suggested that, besides
being a convenient reference discharge, bankfull discharge might also have some
morphogenetic significance (e.g. Dury, 1961, 1969). Hence, bankfull discharge has
been widely adopted as a 'dominant' or 'channel-forming' discharge and related, either
singly or in combination with other variables, to many aspects of channel form, such as
channel planform (e.g. Leopold and Wolman, 1957; Henderson, 1961; Ferguson, 1984)
and meander wavelengths (e.g. Dury, 1965, 1969; Ackers and Charlton, 1970).

More recently, however, studies in diverse fluvial environments have led to the realisation
that the frequency of bankfull discharge is neither literally nor statistically constant (e.g.
Pickup and Warner, 1976; Williams, 1978; Richards, 1982; Pickup and Warner, 1984;
Nanson, 1986; Page, 1988) and that instead of a single channel-forming discharge, a
channel is more hkely to be the product of the whole range of sediment-bearing flows to
which it is subject. In particular, interest has been turning towards the geomorphic effect
of sequences

of different size flows along river channels (Pickup and Rieger, 1979;

Heven, 1981; Gupta, 1983; Erskine and Melville, 1983a, 1984; Yu and Wolman, 1987;
Rhoads and Miller, 1991), especially in relation to flood-related channel changes in arid
and semi-arid regions (e.g. Schümm and Lichty, 1963; Burkham, 1972; Stevens et al.,
1975; Graf, 1983b, 1988a; Osterkamp and Costa, 1987; Kresan, 1988).
Whilst taking full account of the limitations surrounding the use of bankfull as a reference
discharge, in this study bankfull is nonetheless adopted as the basis for comparison of
downstream changes in discharge along the Sandover, Bundey and Woodforde Rivers.
This is for three main reasons: first, in these ungauged rivers, other reference discharges
are not available; second, the process discontinuity at bankfull stage focuses attention on

bankfull channel morphology (Richards, 1982, 1990); and finally, where flows are more
variable, as in many arid regions, the higher ratio of high to low flows often gives the
high flows greater importance in the transport of sediment and shaping of the channels
(Wolman and Miller, 1960; Pickup and Warner, 1976; McDermott and Pilgrim, 1983;
Rhoads, 1988). For the Sandover, Bundey and Woodforde Rivers, therefore, it may be
that the channel characteristics are largely determined by the range of flows at, or
approaching, the level of bankfull.
Hence, in discharge estimation using the Manning equation, channel cross-sectional areas
and hydraulic radii have been determined by reference to bankfull. A major difficulty in
the application of this approach, however, is the consistent identification of the bankfull
level. Bankfull stage has been defined in a number of ways, including reference to
sedimentary surfaces such as floodplains (Wolman and Leopold, 1957), benches
(Woodyer, 1968) and berms and point bars (Patton and Schümm, 1981), by reference to
vegetative characteristics (Sigafoos, 1964), or by using various indices of channel form
such as the minimum width-depth ratio (Wolman, 1955) or the bench index (Riley,
1972). Williams (1978) provides a comprehensive review of the different definitions of
bankfull.
Clearly, identification of the bankfull level is rather subjective and different procedures
can lead to different levels (Williams, 1978). Slight differences in the level of bankfull
can lead to large differences in discharge. Pilgrim and Doran (1987, p.231-2) provide
brief recommendations for the identification of bankfull for Australian channels where
benches occur at different levels but along the Sandover, Bundey and Woodforde Rivers,
benches are relatively restricted in occurrence (Chapter 7) and bankfull can be defined by
reference to the active floodplains on one or both sides of the channel. Bankfull level
could be relatively easily identified within a given representative reach (Section 3.2.1) but
problems were encountered in the use of a consistent method of identification between
different reaches on account of the variable channel morphology and the changing nature
of the flanking alluvial and aeolian surfaces along the length of the channels (Chapter 4).
For instance, in some reaches, the presence of multiple channels separated by narrow
ridges or larger islands made the assessment of bankfull for the overall channel crosssection highly problematic. Elsewhere, where aeolian sandplain or source-bordering
dunes have encroached on the banktops, the assessment of bankfull is also difficult.
Finally, in some reaches, bedrock outcrops, lateritic weathering profiles, older alluvial
terraces or aeolian sandplain flank the modern channels and floodplains and effectively
confine many overbank flows. In these reaches, therefore, use of the active floodplain as
the bankfull level has a different geomorphic significance compared to reaches where

these landforms are absent.

Problems in the assessment of downstream trends in

bankfull discharge are considered in further detail in Chapter 4.
In comparing different methods of determining bankfull discharge, such as by the
Manning equation and by hydraulic geometry methods, Williams (1978) generally found
field identification of bankfull to be more accurate than quantitative indices of bankfull
stage. Similarly, in this study, bankfull level was visually identified during the crosssection surveys. In the case of single-thread channels, where banktops were uneven in
height, the lower level is adopted as bankfull. For multiple channel sections, where
individual channels are separated by narrow ridges or large islands, bankfull of the
overall 'channel-train' is defined relative to the elevation of the highest ridge, island or
floodplain (Appendix 3). Bankfull for the individual subchannels within the channel train
is defined relative to the elevation of the adjacent in-channel ridge or island (Appendix 3).
For both single-thread and multiple channel sections, where terraces or aeolian dunes
formed the margins of the channels, flood debris accumulated in the riparian vegetation or
trimlines on the margins of the terraces or dunes provided evidence of prior flood levels
often far in excess of bankfull. These features were noted during the cross-section
survey traverses and are taken to represent maximum (or near-maximum) flood levels.

Although the variable channel-floodplain morphology of the Sandover, Bundey and
Woodforde Rivers precludes the consistent application of more quantitative indices to
determine bankfull, in practice the level identified in the field usually closely corresponds
to the minimum width-depth ratio as determined from plotted cross-sections. For each
surveyed section, cross-sectional area is determined relative to the identified level of
bankfull by the program LEVPLOT (Section 3.3.3). Calculated cross-sectional areas are
likely to be conservative estimates of the channel capacity at bankfull due to significant,
but variable, amounts of bed scour during flood events. Hydraulic radii are calculated by
dividing the cross-sectional area by the wetted perimeter, where the wetted perimeter is
approximated by the twice the mean depth added to the water surface width at bankfull
(cf. Graf, 1983c, p.377).
3A.L2

Slope (S)

Use of the Manning equation to calculate discharge requires an estimate of the slope of the
energy line at bankfull. However, the slope of the water surface or the bed slope
(channel gradient) is usually used as an expedient surrogate. In uniform flow, the energy
slope is closely approximated by the water surface slope or bed slope but for other flow
condifions these can often differ markedly from the true energy slope. For instance,
during catastrophic flash-floods in small catchments, water surface and channel bed

slopes can be up to 104% greater than energy slopes (Costa, 1987). In the low-gradient,
sand-bed channels typical of the Sandover, Bundey and Woodforde Rivers, errors of this
magnitude in the estimation of energy slopes by using surrogate measures are less likely.
Nevertheless, the estimation of water surface and bed slopes are fraught with difficulties
and subject to varying degrees of accuracy. As the values of slope adopted have a large
influence both on discharge estimation by the Manning equation and on the estimate of
parameters such as stream power and shear stress (Section 3.4.2), accurate assessment of
slope is critical. The following outlines the various methods used in this study to estimate
water surface and bed slopes.
In ephemeral channels, the water surface slope for flood events at or near to bankfull can
rarely be measured directly and more indirect methods have to be used. For instance,
bankfull slopes can be determined by surveying along the banktops or, where identified,
by surveying the slope of debris lines or trimlines resulting from flood events (Lewin,
1990).

Neither of these methods proved applicable to the Sandover, Bundey or

Woodforde Rivers. Banks were often uneven in height, or the typically well-vegetated
banklines and the common occurrence of flanking aeolian sandplain or source-bordering
dunes meant that clear sights could not be obtained along the banktops. Furthermore,
flood debris or trimlines were not identified over sufficiently long distances to obtain a
reliable estimate of bankfull slopes.
In view of this, the channel bed slopes of the Sandover, Bundey and Woodforde Rivers
are used as surrogates for the water surface slopes during bankfull flood events. In
uniform reaches, water surface and channel bed slopes are often parallel but in other
situations the two may differ markedly, such as on the bore of a flood wave (e.g. Leopold
and Miller, 1956). In this study, however, the focus on bankfull flow conditions
minimises this as a possible source of error. With flow at or near bankfull in wide
sections of channel, however, cross-channel flow vectors may nevertheless result in
differences between water surface and bed slopes and make the line of maximum slope
difficult to determine (Richards, 1990). The magnitude of these differences is more
difficult to assess.

Channel bed slopes were estimated by a combination of two methods. In the first
instance, reference was made to unpublished 1: 100 000 scale topographic maps of the
catchments of the Sandover, Bundey and Woodforde Rivers (available from AUSLIG,
Canberra). Channel bed slopes were calculated from contour crossings (contour intervals
of 20 m and 50 m) and used as a surrogate for the water surface slopes during bankfull
flood events. These are referred to here as map regional-gradients.

The limited amount

of spot height data available for the channels restricted the estimation of gradient over

shorter reaches {map reach-gradients).

Problems were encountered in estimating map

regional-gradients for the low order channels in the headwaters where the distance along
the channel centreline was difficult to measure with accuracy. Larger scale maps (e.g. at
a 1: 50 000 scale) are not available for these catchments but the 1: 100 000 maps were
thought to provide far more reliable estimates of slope than could be obtained from the
pubhshed 1: 250 000 topographic maps.
In the second instance, the bed slope was surveyed along the channel centreline through
the representative reaches (Section 3.2.1). These are referred to as surveyed
gradients.

local-

Surveys were often hampered by large numbers of in-channel trees, by the

large fluctuations in bed elevation resulting from bedforms such as dunes and scour holes
and by low-sinousity flow paths trending obliquely across the channels which were
created during the falling stages of the last flood flow.
A number of methods have been used to estimate slopes from surveyed data, including
simple calculations of the elevation change in relation to the length of the surveyed
traverse (e.g. Park, 1976), by the use of running means for data collected over longer
stretches of river (Sugai, 1993) or by linear regression on the distance and elevation data
(Dunkerley, 1992). Linear regression has the advantage over simple calculations of the
elevation change along a reach in that the slopes derived are less influenced by the start
and end points of the traverse and thus are less affected by local variabilty. Linear
regression thus provides an estimate of the mean slope over a reach. Inaccuracies in the
use of linear regression can result, however, where occasional large bed fluctuations (e.g.
a series of dunes) have a biased effect in the determination of the regression line. In this
study, linear regression on the distance and elevation data from field survey showed that
at some sites along the study channels, the data were nearly collinear, while at others, the
traverse extended across dunes, so there was a greater scatter of points. Similar findings
were reported by Dunkerley (1992). Estimates of slope obtained by linear regression are
generally comparable to slopes derived from calculation of the elevation change along the
survey traverse (Fig.3.1a). In the subsequent use of surveyed local-gradients, the slope
derived from linear regression has been taken as the best estimate of the slope of the
reach.
Surveyed bed slopes are more spatially and temporally variable than the generalised
regional or reach slopes measured from cartographic sources (Richards, 1982) and the
two often do not agree (Williams, 1978). Nevertheless, in a study of the River Dart,
England, Park (1976) found a reasonably close similarity between the field slopes and
map slopes although potential inaccuracies in the field measurement of low slopes
(<0.001) were noted. In this study, local slopes derived from regression analysis of
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Figure 3.1 a.) Comparison of local gradients estimated by linear regression of surveyed data with
local gradients estimated by elevation change along the survey traverse,

b.) Comparison of surveyed

local-gradients (estimated by linear regression of surveyed data) with map regional-gradients (obtained
from 1: 100 000 topographic maps).

surveyed data often differed from the map regional- or reach-gradients (Fig.3.1b), largely
due to the difficulties of accurately surveying the typically low slopes (often <0.001). In
the estimation of discharge by the Manning equation, and in the calculation of stream
power and shear stress (Section 3.4.2), map regional-gradients are used in preference to
the surveyed local-gradients as the former pertain to longer stretches of channel (perhaps
representing a reach 15-25 km in length) and are less likely to reflect local variation
resulting from the pattern of scour and fill on the channel bed during the last flood event.
Many other studies have also used map slopes in prefence to surveyed slopes (e.g. Hack,
1957; Brush, 1961; Stevens et ai, 1975; Park, 1976; Osterkamp, 1978; Graf, 1983c).
Where gradients over shorter reaches are required, however, or where significant
departure of local bed slopes from the regional gradients could be identified in the field,
surveyed local-gradients are used instead.

3.4.1.3

Manning roughness coefficient (n)

The Manning roughness coefficient is an empirically derived, dimensionless factor that
accounts for the physical elements resisting flow (Chow, 1959; Barnes, 1967). Jenkins
(1987) provides a succinct summary of the main factors which affect the value of the
roughness coefficient, which include surface roughness, form roughness, channel
geometry, channel bends, irregularities and obstructions, sediment transport, vegetation
and stage. The estimation of the value of the roughness coefficient for a given stage in a
given reach is rather subjective and involves a large measure of judgement. Nevertheless,
many textbooks present tables showing the roughness coefficients for channels of various
descriptions (e.g. Chow, 1959; Henderson, 1966; French, 1985) and photographs of
channel reaches of known roughness coefficients are provided in Chow (1959), Barnes
(1967), French (1985) and Hicks and Mason (1991). The North American and New
Zealand streams shown in these photographs, however, exhibit characteristics which
differ from many Australian channels (Jenkins, 1987). Various papers in the Association
for Computer Aided Design (ACADS) (1982) Forum on Energy Loss Parameters for
Flow Profile Computation Programs show photographs of channels in southeast
Australia, together with values of the Manning roughness coefficient. In most cases,
however, these values have been derived by fitting computed water surface profiles to
observed flood levels and thus tend to be 'model-dependent' (ACADS, 1982; Jenkins,
1987).

In view of these limitations, Barnes (1967) continues to be the most widely used of the
photographic guides, consisting of around 100 colour photos from 50 channels, with
roughness coefficients ranging from 0.024 to 0.075. Use of this guide for estimating the
Manning roughness coefficient for channels in the Australian arid and semi-arid zone.

however, is limited by the fact that it does not include any examples of sand-bed channels
(Barnes, 1967, p.3) and, more importantly, does not include any examples of channels
with substantial in-channel tree growth. This is unfortunate, for the growth of in-channel
trees, such as river red gums (E. camaldidensis), is characteristic of many channels in the
Australian inland where they provide a substantial element of roughness during flood
flows.
Despite the widespread implications of the roughness generated by in-channel tree growth
for the accurate assessment of flood discharges and sediment fluxes in ephemeral
streams, the recent study by Graeme and Dunkerley (1993) is the only attempt to develop
approaches to quantify this influence. For small channels in the Barrier Ranges of
western NSW, estimates of Manning's n using traditional approaches which failed to take
full account of the effect of in-channel trees and associated debris barriers, gave values
between 0.03 and 0.05. Revised estimates of channel roughness through the procedure
of Petryk and Bosmajian (1975) to incorporate the projected vegetation area in flood
flows, resulted in a mean increase in Manning's n of 35.5% to values of 0.035-0.071
(Graeme and Dunkerley, 1993). For these channels, just under half of the total channel
roughness was contributed by in-channel vegetation, the remainder coming from
boundary friction effects. Site-to-site variations in vegetation density were large,
however, with the implication that assessment of flow conditions without due
incorporation of a roughness correction could result in substantial overprediction of flood
discharges and velocities (Graeme and Dunkerley, 1993). In addition, studies of
channels in more humid regions generally suggest that for a given section, roughness
generally decreases with increasing water depth, at least until overbank flows encounter
the high resistance of overbank vegetation (Chow, 1959; Barnes, 1967; Williams, 1978;
Richards, 1982; Hicks and Mason, 1991). Results from Graeme and Dunkerley's (1993)
study, however, demonstrates how roughness increases with stage in heavily vegetated
channels, even for flow contained within the banks. Clearly, the effect of in-channel
trees on flood flows in these ephemeral streams suggests that hydraulic relations derived
from streams of the humid zone may well have limited applicability (Graeme and
Dunkerley, 1993).
The findings of Graeme and Dunkerley (1993) are of considerable significance to the
present study where many reaches of the Sandover, Bundey and Woodforde Rivers have
large numbers of in-channel trees. Nevertheless, Graeme and Dunkerley's (1993)
approach is a time-consuming method requiring detailed site-by-site assessment of
vegetation density. In this study, where numerous cross-sections were surveyed in order
to enable comparisons of downstream change between relatively large drainage systems,
this approach proved unsuitable. As interest in this study is more on the relative

magnitude of discharge within and between different drainage systems, rather than on the
absolute values, the uncertainties in the assessment of the roughness coefficient are less
important. Even if the absolute values of discharge are slightly in error due to failure to
take full account of the contribution of in-channel tree to roughness, the calculations
should still be comparable in a relative sense. Furthermore, the general focus on flow
conditions at bankfull (Section 3.4.1.1) largely minimises the problems associated with
the non-linear variation of roughness with stage.
Graeme and Dunkerley (1993) consider that vegetation may well be the dominant source
of roughness at certain Austrahan desert stream sites and suggest that their study provides
an indication of the values which may be expected in semi-arid streams. The channels in
the Barrier Ranges are much smaller than the Sandover and Bundey Rivers, however,
and this has to be accounted for in assessing the relative and absolute contribution of inchannel trees to roughness. Nevertheless, by reference to tables showing the roughness
coefficients for channels of various descriptions (Chow, 1959; Henderson, 1966;
French, 1985) and to the descriptions and photographs in Graeme and Dunkerley (1993),
each of the representative reaches or surveyed sections was assigned one of several
values of the roughness coefficient.
The roughness value assigned to a given reach or section was largely determined by the
density of trees colonising the channel. Clean, sandy channels with few in-channel trees
(e.g. less than 1 tree per 1000 m^ of channel bed), sandy channels with moderate
numbers of in-channel trees (e.g. 1 tree per 500-1000 m' of channel bed) and sandy
channels with large numbers of in-channel trees (e.g. 1 tree every 100-500 m^ of channel
bed) were assigned roughness cofficients of 0.025, 0.030 and 0.035 respectively.
Jagged and irregular rocky reaches, alluvial reaches with large amounts of bedrock
outcropping, or bedrock and alluvial reaches with dense growth of in-channel trees (e.g.
more than 1 tree per 100 m^ of channel bed) were assigned roughness coefficients of
0.040. For reaches consisting of multiple channels, separated by vegetated ridges or
islands (e.g. 1 tree every 10 m^), a roughness coefficient of 0.045 was assigned to flows
at or near to the bankfull of the overall channel cross-section. The roughness coefficients
adopted for reaches of the Sandover, Bundey and Woodforde Rivers thus represent a
realistic range of values, many of which have commonly been assigned to other
ephemeral, sand-bed channels (e.g. Nordin, 1963; Reid and Frostick, 1987; Graeme and
Dunkerley, 1993).

3,4,2

Stream power

and shear

stress

While the study of alluvial channels has been dominated by the analysis of adjustments of
channel morphology to discharge variations, either in the form of a 'dominant' discharge
or a variable series of discharges, it is has been argued (e.g. Richards, 1982) that the
quantity of water imposed on the channel is less important than its capacity to perform
work, for instance in entraining and transporting sediment. The capacity of a channel to
perform work is dependent on the available potential energy and the rate at which this is
translated into kinetic energy. The rate of potential energy expenditure can be expressed
as stream power (Bagnold, 1966, 1977, 1980) and is defined as the product of discharge,
slope, and the specific (or unit) weight of water. Total (or gross) stream power expresses
power per unit length of channel (W/m) but varies with the discharge of the river. Hence,
for purposes of comparison, stream power is often expressed relative to stream size
(typically some measure of channel width) and designated as unit (or specific) stream
power. Unit stream power is commonly given in the form:
CO = (l/w).y.Q.S
where co = stream power per unit area of channel (W/m")
w = width (m)
y = specific weight of water-sediment mixture (N/m'')
Q = discharge (m/s'^)
S = energy slope (m/m)
Measures of stream width vary, but the most commonly used measures are bed width
(e.g. Baker, 1983; Reid et al, 1995) or water surface width (top width or flow width)
(e.g. Baker and Costa, 1987; Reid and Frostick, 1987; Miller and Parkinson, 1993;
Nanson and Croke, 1992; Rudoy and Baker, 1993; Costa and O'Connor, 1995). There
is considerable inconsistency, however, as to the label attached to the values of unit
stream power thus derived. For instance. Baker and Costa (1987) and Miller and
Parkinson (1993) use water surface widths and consider the estimates to represent power
per unit area of the bed, whereas Rudoy and Baker (1993) Costa and O'Connor (1995)
also use water surface widths but consider the estimates to represent power per unit area
of the channel boundaiy. Technically, power per unit area of the channel bed is given by
dividing total stream power by bed width, and power per unit area of the channel
boundary by dividing by the wetted perimeter. Hence, for trapezoidal channels, where
water surface widths exceed bed widths but are less than the value of the wetted
perimeter, use of water surface widths would provide a measure of unit stream power
intermediate between that of the power per unit area of the bed and the power per unit area
of the boundary.

Use of bed width in the calculation of unit stream powers has an advantage over other
measures in that it directly relates to sediment transport processes and avoids the frequent
problems of banktop curvature which artificially increases bankfull width (Richards,
1990). However, bed width is sometimes difficult to define (Pickup, 1976a), particularly
for wide, sandy channels where bed elevation often fluctuates markedly across a given
section. While this is only a problem for a small number of channels along the Sandover,
Bundey and Woodforde Rivers, for ease and consistency of measurement water surface
widths (e.g. at bankfull stage) are used throughout this thesis in the calculation of unit
stream powers. These are taken to represent a measure of stream power intermediate
between power per unit of the bed (if using bed width) and power per unit area of the
channel boundary (if using wetted perimeter). For the majority of channels, which are
roughly rectangular in cross-section, water surface widths do not differ greatly from bed
widths, and the unit stream powers derived are thus little affected by the difference in
definition.
Whilst stream power represents the stream's ability to do work, the link between this
physical concept and geomorphically significant parameters (e.g. rate of erosion) remains
complex (Baker, 1983; Baker and Costa, 1987). Shear stress is a more specific attribute
which represents the stream's ability to entrain and transport sediment. Graf (1988a) and
Nanson and Croke (1992) consider that shear stress is directly related to stream
competence, where competence relates to the maximum size of sediment that the stream
can transport. Channel boundary shear stress is given by the equation:
T = y.R.S
where T = boundary shear stress (N/m")
y = specific weight of water-sediment mixture (N/m"'')
R = hydraulic radius (m)
and S = energy slope (m/m)
In relatively wide, shallow channels, flow depth (D) is commonly substitued for
hydraulic radius (Chow, 1959). Baker and Costa (1987) consider that for width-depth
ratios of 10 or greater the distinction in using R or D is negligible, but other authors (e.g.
Graf, 1983c; Magilligan, 1992) consider wide and shallow channels as those with a
width-depth ratio generally exceeding 20. Use of channel depth as a substitute for
hydraulic radius gives an expression for channel bed shear stress in the form:
T = Y.d.S
where d = flow depth (m)

For the channels of the Sandover, Bundey and Woodforde Rivers, width-depth ratios are
typically greater than 20 and commonly in excess of 50 and thus depth can be substituted
for hydraulic radius without greatly affecting the values of shear stress derived. Hence,
throughout this thesis, channel bed shear stress is used in preference to boundary shear
stress.
Consideration of the factors determining stream power and shear stress reveals that the
effectiveness of flood events in shaping/moulding alluvial channels is strongly controlled
by channel morphology, flood magnitude (discharge) and slope. Channel morphological
variables such as hydraulic radius or channel depth are easily calculated from surveyed
data but, as previously discussed, the estimates of discharge and slope are more
problematic (Section 3.4.1). In using discharge calculated by the Manning equation in
the expression for stream power, the value of energy slope (approximated by map
regional-gradients or surveyed local-gradients - Section 3.4.1.2) is used twice. Hence,
the inaccuracies inherent in such a procedure are increased in the calculation of stream
powers.
In view of the problems surrounding the calculation of the discharge and slope values,
uncertainties in the estimation of the specific weight of the water-sediment mixture is a
relatively minor consideration.

The specific weight of clear water at 15-25°C is

approximately 9800 N/m'^ (Chang, 1988) but highly sediment-laden floodwaters may
have a specific weight which is twice that of clear water (Costa, 1988). In many cases,
however, the increase in specific weight is much more modest: for instance, Rhoads
(1989) assumed a specific weight of 11 000 N/vn for the water-sediment mixture of a 25year flood. The specific weight of the water-sediment mixture is usually assumed to be
constant although in ephemeral streams suspended sediment concentrations often increase
in the downstream direction as a result of transmission losses (Leopold and Miller, 1956;
Schümm and Hadley, 1957; Hadley and Schümm, 1961; Patton and Schümm, 1981;
Sharma et al., 1984). Eye-witness accounts of the Sandover, Bundey and Woodforde
Rivers in flood tend to refer to the turbid nature of flows, but there are no measurements
from which to estimate the likely suspended load concentrations (Chapter 2). Hence, in
the calculation of stream powers, the specific weight of water has been held constant at an
arbitrary but realistic value of 10 000 N/m\

3.5 THERMOLUMINESCENCE (TL) DATING
3.5.1 Outline of the TL dating technique
One of the major aims of this thesis, as outlined in Chapter 1, is the investigation of late
Quaternary fluvial change in the Alice Springs region. An essential basis for the
reconstruction of fluvial change is the establishment of a secure chronology. A variety of
geochronological dating techniques have been used to describe the chronology of late
Quaternary fluvial changes elsewhere in Australia but the range of methods suitable for
the arid zone is rather more limited. With very few exceptions, the majority of alluvium
in the study catchments was devoid of organic matter suitable for dating by radiocarbon
(^"^C) analysis. Furthermore, with the exception of a few old alluvial terraces,
accumulations of pedogenic carbonate suitable for dating by '"^C analysis (Williams and
Polach, 1969, 1971; Callen et al, 1983) or uranium-thorium (U/Th) series dating (e.g.
Short, 1988 ; Short et al, 1989; Nanson et al, 1991, 1993a) were limited (Section 3.6).
Consequently, this study has placed much emphasis on the dating of inorganic
sedimentary deposits using the technique of thermoluminescence (TL) dating.
TL is a relatively new, absolute dating technique with a potential age range generally a
order of magnitude or more beyond that of ^"^C dating (Aitken, 1990). The basic theory
and background to the technique are outlined by Dreimanis et al. (1979), Wagner (1979),
Wintle and Huntley (1982) and Aitken (1974, 1985, 1990). The following provides no
more than a brief summary of the technique and some of its applications.
Buried sediments containing uranium, thorium or potassium, or lying close to other
sediments or rocks containing these radioactive substances, are subject to a continuous
radiation flux of alpha and beta particles and gamma waves. These are mainly from the
238

232

long-lived isotopes of uranium, thorium ( U and Th decay series) and potassium
("^^K) with a smaller contribution from cosmic rays and from the presence of rubidium
(Aitken, 1985). This irradiation leads to ionisation within certain TL sensitive minerals
and the trapping of metastable electrons within the crystal lattice of these minerals. Quartz
is one such mineral and has the ability to store electrons over long periods of time (-10^
years - Aitken, 1985). Electrons will accumulate in a buried sediment sample subject to
continuous irradiation but can be released in one of two ways. First, by natural exposure
of the previously buried sediment to ultra-violet or visible light and second, by controlled
heating under laboratory conditions. In the laboratory situation, a characteristic emission
of light occurs which is proportional to the number of electrons trapped within the crystal
lattices and which is additional to the normal incandescent light that would result from
heating (Aitken, 1985). This thermally stimulated emission of light from certain

crystalline minerals following the previous absoiption of energy from ionising radiation is
termed thennoluminescence.
Thermoluminescent data are commonly plotted as the intensity of light emitted by the
sample as it is heated from room temperature through to a temperature of approximately
500°C. The resulting glow curve, in which peaks are found at temperatures characteristic
of the energies of the trapped electrons in the sample is indicative of the natural TL
properties of the TL sensitive minerals. The intensity of the thermoluminescence is
dependent upon three main factors: first, the ability of the crystals to trap the agitated
electrons; second, the radiation dose rate in that particular environment; and third, the
length of burial. If TL sensitive minerals are present in a certain sediment, and the
radiation dose rate can be calculated, then an age can be assigned to the onset of electron
agitation and trapping, or the time since deposition of the sediment.
Application of the TL dating technique to natural sedimentary deposits is based on the
assumption that exposure to sunlight during transportation by wind or water bleaches
much of the previously acquired TL from the sedimentary particles. The level of TL is
not reduced to zero, however, and a small amount remains in the mineral grains at the
time of burial. This is termed the residual TL and may be assessed from modern surface
samples collected from environments of deposition representative of those to be dated.
Upon burial in an alluvial or aeolian deposit, the particles gradually reacquire TL, at a rate
dependent on the environmental radiation dose rate and to a level determined by the length
of burial.
Thus, the age of the sample since last exposure to sunlight can be calculated as follows
(Aitken, 1985):
TL age = Palaeodose
Annual dose
where the palaeodose is the natural TL less the residual TL (representing the total amount
of TL energy absorbed and stored since deposition) and where the annual dose represents
the rate at which this energy is acquired.
Australia is thought to be particularly well-suited to the application of the TL dating
technique on account of two main factors: first, abundant quartz-rich alluvial and aeolian
deposits mantle much of the Continent and second, the intense sunlight typical of the midlatitudes increases the likelihood of samples being well bleached during transportation by
wind or water. Over the last decade, TL age estimations have been made for a variety of
fluvial, aeolian, lacustrine and marine sediments in both coastal and inland areas of

Australia, and in some cases the chronologies have been compared to alternative dating
methods such as '"^C (Nanson and Young, 1987) and U/Th (Nanson et ciL, 1991). Three
lines of evidence give confidence to the accuracy of the TL method (Nanson et ai,
1993b): first, there is broad coiTespondence between the dates obtained from sedimentary
sequences by the different techniques; second, application of the different techniques in a
wide range of environments independently and consistently highlight periods of
pronounced alluvial and aeolian change over the last two glacial-interglacial cycles; and
third, there is an almost total lack of stratigraphic reversals from alluvial and aeolian
sequences dated by TL, a result that would be highly improbable if there were serious
problems associated with the method.
Despite the proven veracity of the TL technique, however, like all dating methods it
involves certain assumptions that constrain its application. The assumptions involved in
the technique as applied to the dating of alluvial sequences are briefly outlined here before
describing the field sampling and laboratory procedures employed in this study.
The main requirement in TL dating of a sedimentary deposit is that the quartz grains have
been bleached by sunlight prior to burial. While this requirement can generally be met by
aeolian sediments it is more problematic in the case of fluvial deposits (Spooner et al,
1988; Berger, 1990; Price, 1994). In certain fluvial settings, such as with deep turbid
rivers or where sediments are transported only short distances or for short intervals
before being deposited, quartz grains may be subject to limited exposure and hence there
may be incomplete bleaching of the previously acquired TL. In central Australia, where
flow events responsible for depositional activity often occur at night as a result of lateafternoon thunderstorm activity, further problems in the bleaching of sediments can arise.

In such a situation, where sediments retain a remnant of their previous TL signal, this can
lead to overestimation of the age of the deposit. As a result of these concerns, a number
of investigations have been conducted into the effectiveness of bleaching of waterborne
sediments prior to deposition. For example, Berger (1990) showed that for fine-grained,
feldspar dominated samples from fluvial environments in the northern hemisphere, the
light-sensitive TL was more effectively zeroed in a sandy braided channel deposit than in
a silty braided channel deposit. In a study of residual TL in modern near-surface samples
from the three main fluvial depositional environments on the Gilbert delta of northern
Queensland, Australia, Nanson et al. (1991) found that sand from deep channels was
relatively poorly bleached while muddy floodplain and shallow channel sediments were
very thoroughly bleached. As a result of this variable bleaching, the identification and
collection of TL residual correction samples from modern environments of deposition
representative of those to be dated is a difficult exercise. Inaccuracies in calculated TL

ages as a result of incorrect adjustments for residual TL can be significant for young
(Holocene) samples as it forms a greater proportion of the measured palaeodose than for
older samples (Shepherd and Price, 1990).
In response to the uncertain and variable bleaching of waterborne sediments, there has
been a recent move away from use of the 375°C TL peak in the age determination of
fluvial sediments towards the use of the more easily removed TL peak occuring at 325°C
(Spooner et al, 1988; Spooner, 1994). For fluvial quartz sands from the Riverine Plain
of NSW, however, a comparison of TL ages obtained at 325°C and 375°C showed
excellent overall agreement between the two sets of ages (Price, 1994). Hence, criterion
for the selection of a particular analysis temperature based on the TL properties of
individual samples have been developed and further work is in progress to refine this
(Price, 1994; pers. comm.).
In addition to problems arising from the requirement of thorough bleaching, there are
further constraints to the application of TL to fluvial and other sediments. The total
radiation flux delivered to the buried sediment is modified by the presence of water which
acts to reduce the proportion of radiation reaching the sample from its immediate
environment (Aitken, 1985). Clearly, estimation of the variations in long-term average
water content of a sample since deposition is problematic, and involves certain
assumptions concerning, for example, groundwater movements and length and duration
of prior flooding. Shepherd and Price (1990) provide an example from aeolian dune
sands in New Zealand to show how different assumed moisture contents can affect the
calculation of TL ages. In general, a 1% change in moisture by weight can affect the
sample age by around 1%. This could result in a maximum 30% error in the age of a
sample that was determined to be completely dry for its entire period of burial when in
fact it was completely saturated, or vice versa. In the Alice Springs region, however, as
for much of the Australian arid zone, variations of more than 5-10% in ambient moisture
content during the life of a buried sample are very unlikely to have occun-ed.
Possible fluctuations in environmental dose rates can also occur as a result of weathering
of the buried sediment, such as occurs in connection with the development of pedogenic
mineral accumulations, or as a result of the leaching or addition of certain minerals to the
sediment. Surficial weathering processes, for instance, can result in disequilibrium in the
uranium and thorium decay chains, thus affecting the dose rate received by buried
sediments. Olley etal. (1996) have recently considered the effects of disequilibria in the
uranium and thorium decay series on burial dose rates in fluvial sediments from a variety
of locations in southeastern New South Wales. Their results indicate that while
disequilibria in the ^ U decay chain is common in the modern fluvial sediments

examined, these disequilibria rarely exceeded 50% and more typically were 20% or less.
Hence, if the dose rate measured at the time of sample collection is assumed to have
prevailed throughout the period of sample burial and if the depositional environment was
closed after deposition, in the majority of cases the effects of the observed disequilibria
on estimates of the dose rate will usually be small (<3%) (Olley etaL, 1996).
Clearly, completeness of bleaching prior to deposition and variations in ambient moisture
content and radiation dose rates due to weathering are all factors that can reduce the
accuracy of TL age determinations of fluvial sediments. Wherever possible,
corroborative dates should be obtained using alternative methods, such as radiocarbon or
uranium-thorium analysis. Nevertheless, careful site selection and sampling of material
for TL dating should minimise the problems associated with the use of the technique.
5.5.2 Field sampling procedures
Field samphng of material for TL dating adopted one of several methods. Where natural
bank exposures were suitable for sampling the procedure was as follows. The radiation
dose which produces TL is derived from the material within the sample and from a sphere
of 30 cm radius around the collection point (Nanson et aL, 1991). Hence, homogeneous
faces of bank with no dissimilar material such as gravels or nodules of pedogenic
carbonates were selected wherever possible. The outermost 20-30 cm of material was
removed and a metal tube approximately 15 cm in length and 7 cm diameter was then
inserted into the bank. As TL can be bleached from samples by ultra-violet and visible
light, the tube was then quickly withdrawn and placed in a ready-made black plastic bag.
The hole from which the sample had been taken was then enlarged by hand-augering and
15 minute counts of the levels of uranium, thorium and potassium were taken as a guide
to on-site dose rates, by using an Exploranium GR-256 Portable Gamma Ray
Spectrometer with a GPS-21 Detector.
In the few instances where the banks were too indurated to permit a metal tube to be
inserted, samples were taken by removing a block of material 30 cm" and at least 15 cm
thick and quickly wrapping it in black plastic. Once in the laboratory, a sample of
material was taken from the centre of this block. In these instances, reliable readings
using the gamma ray spectrometer could not be made, and hence tube samples were
preferred where possible.
In a few instances, samples from floodplains and dunes were obtained by augering to the
middle of homogeneous layers at least 60 cm thick. Augering was either done by hand or
with the aid of a truck-mounted drill rig using a series of hollow augers. The augers

containing the material to be dated were withdrawn, the lowermost flights placed into
ready-made black plastic bags and the sample removed in this dark environment. Where
the holes did not collapse after withdrawal of the augers, the gamma ray spectrometer
could be used and readings were taken over a 15 minute interval.
Recently emplaced depositional equivalents of the ancient sample were identified where
possible. Following Nanson et al (1991, 1995), samples were collected from
immediately below the present-day surfaces such as from the top few centimetres of river
beds, floodplains or active dune crests. These surface correction samples were
considered to be representative of the level of TL at the time of deposition.

3,5,3

Laboratory

procedures

All samples dated by TL were analysed in the University of Wollongong TL laboratory.
A full outline of the laboratory procedures followed are provided in Shepherd and Price
(1990) and Nanson et al. (1991). The TL dating technique employed in evaluation of the
palaeodose is essentially the combined additive/regenerative method of Readhead (1984,
1988) and preferentially uses the TL signal from the 90-125 |Lim quartz fraction of the
sediment (the coarse-grain technique). Annual dose rates were estimated in the
laboratory. Uranium and thorium specific determinations were measured by calibrated
thick-source alpha-counting, assuming secular equilibrium of the decay chains. This
assumption can be justified, for even where disequilibrium in the uranium and thorium
decay chains is common, the effects on estimates of the radiation dose rates are usually
small (Olley et al, 1996). Potassium levels were measured using atomic absorption
spectroscopy. These laboratory measurements were used in preference to the on-site
dose rate readings due to problems with calibration of the gamma ray spectrometer and
problems in obtaining reliable readings from auger holes. The moisture content of each
sample was assumed to be equivalent to that at the time of sampling. Rubidium contents
were taken to be 100 p.p.m. and the cosmic ray contribution to the annual dose rate as
150 +/-50 |iGy/yr. The radiation dose received annually was computed using equations
derived by Readhead (1984).
For the vast majority of samples, the extended temperature plateaux resulting from
comparison of the natural and regenerated TL glow curves and the TL-growth curve
correlation values close to unity (Price, unpublished data) are an indication of the
reliability of the TL ages. For selected samples, comparison of the TL ages determined at
325°C and 375°C demonstrated the effectiveness of bleaching prior to deposition of the
sample. In the few instances where there were signs of incomplete bleaching prior to
deposition, the samples were analysed at 325°C which represents the more easily

removed TL energy level. Full analytical details of the TL age determinations are
presented in Chapter 8.
Where modern, recently-transported depositional equivalents could be identified, the
natural TL was measured and assumed to represent the residual TL in ancient sediments.
A surface correction was then applied to the ancient sample by subtracting this residual
TL value. In the instances where a modern surface sample could not be identified, the
residual TL value was not subtracted. Hence, the uncorrected TL dates should be viewed
as maximum ages. The error in the age estimates due to incorrect adjustments for residual
TL are believed to be low, especially as a proportion of pre-Holocene ages. The error
bars associated with each reported TL age are an expression of the total experimental,
environmental and statistical uncertainty assigned to each age determination.
3.6

URANIUM-SERIES DISEQUILIBRIUM DATING

In addition to the dating of alluvial sediments by thermoluminescence, the uranium-series
disequilibrium method of dating was applied to a small number of pedogenic carbonates
from alluvial sediments. Uranium-series dating has been widely used to obtain age
estimates of calcareous or saline lacustrine sediments (e.g. Kaufmann and Broecker,
1965; Stuiver, 1978) and has recently been applied to pedogenic secondary minerals such
as calcite, iron and manganese deposits in alluvial sediments in areas of Northern
Australia (Short, 1988 ; Short et al, 1989; Nanson et al, 1991, 1993a). Although the
ages of pedogenic secondary minerals only provide minimum ages for the host sediments
(Nanson et al., 1991), in some cases the ages obtained can extend alluvial chronologies
back beyond the range of other dating techniques such as thermoluminescence (e.g.
Nanson et al, 1993a).
The family of uranium-series disequilibrium dating methods is based on the timedependent decay of uranium parent isotopes to daughter radionuclides in the uranium
decay series. Succinct reviews of the geochemical principles behind the various uraniumseries dating methods are provided in Ku (1976), Ford and Schwarcz (1990) and
Ivanovich and Harmon (1992). In the case of alluvial deposits, dissolved uranium in
groundwater is readily precipitated with, or absorbed to, pedogenic secondary minerals
such as calcite or Fe/Mn oxyhydroxides and oxides which may ultimately form discrete,
indurated accumulations such as pisoliths, rhizomorphs, nodules or hard pans (Nanson et
al., 1991). If it can be assumed that these accumulations then form closed systems with
respect to further uptake or leaching of uranium, and that they ai"e free from contamination
by non-authigenic daughter isotopes, they may be dated by measuring ingrowth of ^^^Th,
the daughter isotope of "^"^U.

In this study, all samples were analysed at the Australian Nuclear Science and
Technology Organisation (ANSTO) Lucas Heights Research laboratory. The "'^^Thingrowth U/Th dating technique employed is essentially the Th-index or pseudoisochron
method originated by Rosholt (1976) and Szabo and Sterr (1978). This method of using
^^^Th-indices to obtain detritially-corrected

and "^^Th/^^'^U activity ratios for age

calculation was discussed by Schwarcz (1980), and by Ku and Liang (1984) in their
review of U/Th methods for dating impure carbonates (Correction Scheme II). Details of
the method are provided in Short (1988) and Short et ai (1989) and a summary of the
technique is provided in Nanson et al. {\99\).
In the field, the criteria for selection of samples for U/Th dating followed those of Ku et
al (1979) and Nanson et al. (1991). Hard, dense nodules of pedogenic carbonate which
showed no signs of spalling were chosen wherever possible. Only in one instance did
the absence of nodules mean that smaller rhizomorphs were collected instead. Due to
their small size (generally <6 cm diameter), whole nodules were used in the subsequent
laboratory analyses, and the age estimates obtained thus represent a mean accumulation
age rather than the onset of mineralisation (represented by the nodule core). In this study,
the youngest alluvial sediments were virtually devoid of pedogenic carbonate and thus all
samples collected were from old alluvial terraces. These terraces were either too
indurated and chemically altered to obtain reliable TL results from, or if dated,
subsequently proved to be beyond the range of TL analysis due to the high environmental
dose rates in the region and consequent rapid TL saturation of the alluvium.
3.7

CONCLUSION

This chapter has described the investigative design and the methods and techniques used
in field data collection and laboratory analysis. The two main lines of investigation used
in the study of the Sandover, Bundey and Woodforde Rivers - one involving the analysis
of modern channel forms and sediments and the other involving an investigation of the
longer term alluvial history - are clearly complementary, providing infonnation on various
aspects of ephemeral channel form and process. The downstream trends in channel
morphology, sediments and inferred hydraulics provide the focus of Chapter 4, with
Chapters 5-7 considering other aspects of fluvial form and process.

Part II
FLUVIAL FORM AND PROCESS

Ill

CHAPTER 4
ASPECTS OF DOWNSTREAM CHANNEL CHANGE
4.1 INTRODUCTION
Alluvial river channels adjust their form to accommodate the downstream changes of
discharge and sediment load (Leopold et al, 1964; Gregory and Walling, 1973;
Richards, 1982; Knighton, 1984). Along a river's course, the various catchment-,
valley- and reach-scale controls acting upon discharge, sediment load and channel form
combine in various ways to produce recognisable process-form zones, each with a series
of characteristic fluvial features.
The concept of spatially divisible zones within the continuum of a river's course (Chapter
2, Fig.2.4) provides the framework for a discussion of downstream changes in the
morphological, hydraulic and sedimentary characteristics of the Sandover, Bundey and
Woodforde Rivers. This chapter provides a description of downstream changes in
various aspects of channel form and hydraulics (Sections 4.2-4.5), evaluates previous
attempts to quantify the rates of downstream change in ephemeral channels (Section 4.6)
and considers the downstream changes in sedimentary characteristics (Sections 4.7-4.9).
The downstream changes in the Sandover, Bundey and Woodforde Rivers are then
compared to previous descriptions of ephemeral channels, both in Australia and other arid
and semi-arid environments (Section 4.10). The chapter provides the context for the
more detailed discussion of the fluvial forms and processes in the lowland and floodout
zones addressed in Chapters 5 and 6.
4.2 CHANNEL ZONES AND REPRESENTATIVE REACHES
Division of the catchments of the Sandover, Bundey (Sandover-Bundey) and Woodforde
Rivers into upland, piedmont, lowland and floodout zones is illustrated in Figure 4.1.
Although the placing of boundaries between zones is a somewhat arbitrary exercise - with
the transition from one zone to another often occuring over some tens of kilometres - it
nevertheless provides a useful starting point for discussion.
The location of representative reaches and surveyed cross-sections are also shown in
Figure 4.1. The number of representative reaches or cross-sections within any given
zone varied for each drainage system according to the downstream extent of each zone
and the channel changes evident within. Restricted access to areas of Aboriginal land
limited the number of reaches that could be studied on the middle Sandover River.

Argadargada
Watcrholc

Figure 4.1 The catchments of the Sandover, Bundey and Woodforde Rivers, illustrating the approximate boundaries
between the upland, piedmont, lowland and floodout zones and the location of representative reaches and surveyed crosssections.

to

Overall, the location of the representative reaches and cross-sections provided good
spatial coverage of the three drainage systems, thus allowing a comprehensive
description of the characteristic fluvial geomorphology as well as enabling assessment of
downstream trends in key morphologic, hydrauUc and sedimentaiy parameters.
4.3 DOWNSTREAM CHANGES IN CHANNEL MORPHOLOGY
As noted by Richards (1982), river channel morphology is three-dimensional, and the
cross-section, planform and long profile properties constituing the complete morphology
are closely interrelated. Hence, to emphasize one dimension alone is to achieve only a
partial understanding of channel morphology. To simplify the treatment of channel
morphology, however, in the present discussion initial emphasis is given to the long
profiles of the Sandover, Bundey and Woodforde Rivers, before the downstream
changes in planforms and cross-sections are described.
4,3.1 Longitudinal profiles
The long profile of a river is an expression of basin-scale geological and climatic factors
such as catchment lithology, tectonic activity and the effects of climate change on the
processes of erosion and deposition. It represents one of the means whereby, over long
timescales, a natural river can adjust its form to the imposed flow and sediment supply
(Richards, 1982).
Long profiles of the Sandover, Bundey and Woodforde Rivers (Fig.4.2), reconstructed
from contour crossings on 1: 100 000 topographic maps, each reveal a similar pattern of
downvalley variations in channel slope. For all three drainage systems, the upper
sections of the profiles are concave, illustrating the rapid decline in channel slope that
occurs in the transition from the hill country (upland zone) to the flanking plains
(piedmont zone). Slopes range from around 0.004 in the uppermost reaches in the
headwaters and decline to between 0.002 and 0.001 towards the downstream end of the
piedmont zone. Slight steepening of the profile over a short reach of the Woodforde
River (Fig.4.2c) occurs where it passes through a narrow gorge at the junction between
the uplands and the piedmont.
For all three drainage systems, the middle to lower sections of the profiles are either
weakly concave or almost straight, illustrating a very gentle decline in slope through the
lowland zone and into the floodout zone (Fig.4.2). A lack of pronounced concavity in
the long profile of ephemeral streams has been noted elsewhere (Leopold and Miller,
1956; Cherkauer, 1972; Thornes, 1977; Frostick and Reid, 1979; Reid and Frostick,
1987). Channel slopes for the Sandover and Bundey Rivers are very similar and decUne

a.) Sandover River

E
e
•â
es
U

850800750700650600550500450400350300-

1

I

1

20

40

60

1

1

1

1

1

1

1

1

1

1

1—r

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
Distance (km)

b.) Bundey River

'•w
s

B
O

ts

a>

650600550500450400350300250200150100-

T—I—r

T—I—I—I—I—I—I—I—I—I—I—I—I—I—r

20

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

40

60

Distance (km)

c. ) Woodforde River

c

o

B
1

\

r

1

r

100

110

120

130

140

150

Distance (km)

Figure 4.2

Longitudinal profiles of the Sandover, Bundey (Sandover-Bundey) and Woodforde

Rivers. All profiles have the same vertical exaggeration but note the change in scale for the Woodforde
River. Numerals I, II, III and IV refer to the upland, piedmont, lowland and floodout zones, respectively.

from around 0.001 at the upstream end of the lowland zone to around 0.0006-0.0008
through the floodout zone (Fig.4.2a, b). Channel slopes for the Woodforde River are
steeper, declining from around 0.002 at the upstream end of the lowland zone and
remaining around 0.0014 through the floodout zone (Fig.4.2c).
The floodout is the site where channelised flow terminates and floodwaters spill across
adjacent alluvial surfaces (Chapters 2 and 6). In contrast to the decline in slope as the
floodout is approached, for all three drainage systems there is a slight steepening of slope
through the floodout and for a short distance beyond. This steepening is most apparent
in the Woodforde catchment (Fig.4.2c) where the downvalley slope increases to around
0.002 and unchannelled flow through the floodout ultimately collects into several small
channels. Bed slopes for these channels gently decline further downvalley to around
0.0014-0.0018 as the second floodout is approached.

Reconstruction of long profiles from contour crossings on small-scale topographic maps
(contour intervals of 20 m and 50 m), however, conceals variations in channel slope that
occur at a finer scale and over shorter reaches. For instance, many reaches of the
Bundey and Woodforde Rivers consist of multiple channels which follow subparallel
courses over considerable distances (Sections 4.3.2.2-4.3.2.3). In these reaches, bed
slopes of adjacent channels can often vary by an order of magnitude over relatively short
distances (<1 km). Hence, the slopes determined from the contour crossings represent
the average channel slope through these reaches.
In addition, on the Sandover and Sandover-Bundey Rivers, prominent local steepening
of channel bed slope occurs through three short (<700 m long) reaches in the two
floodout zones. Surveys (Fig.4.3) reveal the markedly concave nature of the profile
through these three reaches, with the surveyed bed slope initially increasing by one or
two orders of magnitude over the corresponding map slopes, before a reversal of slope
occurs to restore the bed elevation to something approaching the level further upstream.
Despite the markedly concave profiles, the average slopes through these reaches remain
steeper than the corresponding map slopes, which are around 0.0006-0.0008 (Fig.4.3).
Aerial photographs and surveyed cross-sections show that the increases in bed slopes are
associated with marked reductions in the width-depth ratio of the channels (Section
4.3.2.4; Fig.4.5a, b) and with scouring of the channel bed. Field inspection showed
that, in all three steeepened reaches, the channel bed has been largely swept clear of
bedload sands and gravels to expose the silty sands or weathered bedrock into which the
channels are cut. The accounts of local pastoralists and observations made after the
floods of 1995 suggest that the concave profile and the absence of loose sands and
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Figure 4.3 Long profiles surveyed in locally steepened reaches in the floodout zones of the Sandover
and Sandover-Bundey Rivers. The surveys illustrate the markedly concave nature of the profiles. In each
instance, the average slope through the reach is indicated.

gravels enables these reaches to store water for several months following flood events.
Hence, they effectively function as waterholes for short periods of time.
4.3,2

Planforms,

patterns

and

cross-sections

Together with the long profile, the river planform and cross-section represent the other
adjustable dimensions of alluvial channel morphology (Richards, 1982). Closely related
to the river planform is the river pattern, a broader concept which describes the planform
geometry and implies the processes operating within a reach of a river (Nanson and
Knighton, 1996).

On the Sandover, Bundey and Woodforde Rivers, channel planforms and the associated
cross-sections differ between the catchments as well as in the downstream direction.
Typical cross-sections from the upland, piedmont, lowland and floodout zones of the
three drainage systems are presented in Figures 4.4-4.5 to illustrate the downstream
changes in channel form and surrounding sedimentary surfaces. The emphasis here is
primarily on the downstream changes in channel planform and cross-sectional shape; the
changes in channel size are considered more fully in Section 4.4.
4.3.2.1

Upland zone

In all three catchments, much of the drainage in the upland zone is characterised by a
dendritic network of small creeks. Channel margins are often poorly defined and channel
beds highly irregular on account of numerous bedrock outcrops and the growth of large
numbers of in-channel trees (principally E. camakhdensis, Melaleuca spp.). Alluvium is
generally restricted to small pockets between bedrock spurs or at the mouth of small
tributaries. Further downvalley, where the channels traverse broader embayments in the
ranges or where the channels increase in size, the margins of the channels become better
defined and typically consist of 1-2 m high banks with narrow (<15 m) floodplains of
sandy-silts or silty-sands (Plate 4.1). Channels are typically single-thread but localised
anabranches are common (e.g. Fig.4.4b). Confinement of the channels by flanking
bedrock outcrops, tertiary weathering profiles or older, indurated colluvium and alluvium
restricts lateral channel migration (Fig.4.4a-c) and thus channel sinuosities generally
remain low to moderate (<1.25) throughout the upland zone.
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Figure 4.4a Examples of surveyed cross-sections in the upland, piedmont and lowland zones of the
Sandover River. For each section, the approximate distance downstream is indicated.
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Figure 4.4b Examples of surveyed cross-sections in the upland, piedmont and lowland zones of the
Bundey (Sandover-Bundey) River. For each section, the approximate distance downstream is indicated.
Note the change in scale for the sections surveyed 114 and 145 km downstream.
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Figure 4.4c Examples of surveyed cross-sections in the upland, piedmont and lowland zones of the
Woodforde River. For each section, the approximate distance downstream is indicated.
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4.3.2.2

Piedmont

zone

Channel planforms vary widely in the piedmont zones of the three drainage systems. In
the Sandover catchment, the piedmont channels of Edwards, Mueller, Gillen, Anamarra,
Ongeva and Waite Creeks are all well-defined, single-thread channels with width-depth
ratios typically between 30 and 100 (Plate 4.2). Localised anabranches are common,
however, usually in the form of a small channel following a short course sub-parallel to
the main channel through the flanking floodplain (Fig.4.4a).

In the Bundey catchment, the major piedmont channels of the Bundey River and Frazer,
Little Frazer and Alkara Creeks alternate along their length from reaches with essentially
single-thread channels to reaches possessing a number of channels following sub-parallel
courses and separated either by large (>5 m wide) islands or by narrower (<5 m wide)
ridges (Fig.4.4b). Islands and ridges can be up to several hundred metres long, are
found at a range of elevations up to bankfull, and are typically well-vegetated with a
mixture of trees (principally E. camalcliilensis), shrubs and grasses. Width-depth ratios
of the individual channels are usually in the range of 10 to 50. The resulting multiple
channel planforms have a number of similarities with braided rivers, but they more
closely correspond to a form of ancibranching river pattern {sensu Nanson and Knighton,
1996). The distinction between braiding and anabranching and the morphological,
hydraulic and sedimentary characteristics of these reaches are discussed in more detail in
Chapter 5. For the purposes of the present discussion they are referred to as 'multiple
channels'.

On the Bundey river, small waterholes (the 'scour pools' of Mabbutt, 1977) are
sometimes found at the confluence of adjacent multiple channels and these retain water
for short periods after floods. On all the piedmont channels, multiple channels can
persist for several kilometres downstream before the channels revert back to a largely
single-thread form (Fig.4.4b).

This change is particularly evident as the channels

approach the transition to the lowland zone.

On the Woodforde River and its major tributary of Kerosene Camp Creek, channels are
poorly defined for much of the passage through the piedmont zone, often appearing as
little more than 10-20 m flood tracts confined between higher colluvial and alluvial
surfaces. Outcrops of bedrock commonly interrupt the course of the channels and large
numbers of in-channel trees (E. camaldiilensis

and Melaleuca

spp.) have established

throughout the channels in conjunction with numerous poorly developed mid-channel
islands and narrower ridges (Fig.4.4c). In contrast to many reaches of the piedmont

channels in the Bundey catchment, however, the low elevation, limited length and poor
definition of these islands and ridges means that the channel planform appears to be more
characteristic of braiding than of anabranching (Chapter 5). In other reaches of the
piedmont zone, however, particularly towards the transition to the lowland zone, the
Woodforde River becomes a well-defined, single-thread river with relatively few inchannel trees and little evidence of the islands and ridges found further upstream
(Fig.4.4c).
Along all three drainage systems, bedrock outcrops, tertiary weathering profiles, gravelcovered colluvial aprons or alluvial terraces typically flank the channels in their passage
across the piedmont (Fig.4.4a-c; Plate 4.2).

As a result, channel sinuosities in the

piedmont zone generally remain low to moderate (<1.25) both in single-thread and
multiple channel reaches. Similarly, floodplain development is typically restricted to
narrow (<30 m wide) belts bordering the channels and there are few levees. Where
confinement is less evident, however, such as along a short (5-6 km) reach of the upper
Bundey River near No.l Bore (Figs.4.1, 4.4b), alluviation can spread for considerable
distances to either side of the channel, levees are sometimes developed and lowamplitude meanders are often present.
4.3.2.3

Lowland zone

As in the piedmont zones, channel planforms vary widely between the lowland zones of
the three drainage systems as well as in the downstream direction. The Sandover River
displays very little variation along its length remaining a wide and shallow, single-thread
channel for much of its course through the lowland zone with anabranches only
developed locally (Fig.4.4a; Plate 4.3a). In the upstream section of the lowland zone,
width-depth ratios are generally greater than 200 but decrease downvalley to between 50
and 100 (Fig.4.4a).
In contrast to the Sandover River, the Bundey River shows remarkable variation in
channel pattern in its course through the lowland zone (Fig.4.4b).

Immediately

downstream of the confluence of the upper Bundey River, Frazer Creek and Alkara
Creek, the Bundey River is characterised by a broad belt of channels following
subparallel courses. Aerial photographs and surveyed sections (Fig.4.4b) show that
between three and five major channels can be defined which are typically separated by
large islands up to 400 m wide and sometimes several kilometers long. On this basis, the
planform is best described as anabranching, closely corresponding to many previous
descriptions of anabranching channels (e.g. Nanson and Knighton, 1996). Both within
and adjacent to many of these major channels, however, are numerous smaller, often

Plates 4.3a, b Oblique aerial views of the Sandover and Sandover-Bundey Rivers in the lowland zone, illustrating the contrasting channel morphologies: a.) Sandover
River, showing a single-thread channel with large numbers of in-channel trees (flow direction is from bottom right to top left); b.) Sandover-Bundey River, showing multiple
channels separated by linear, vegetated ridges (flow direction is from bottom right to top left).

poorly-defined channels with width-depth ratios typically between 10 and 50. These
channels are separated by narrow ridges or smaller islands and thus appear closer in
character to the multiple channels typical of many reaches in the piedmont zone
(Fig.4.4b; Section 4.3.2.2). The term 'multiple channels' is used here to describe both
channel forms.

Downstream, there is an increasing tendency for the major channels to merge and
eventually the Bundey River continues as a one broad channel-train composed of a
number of smaller channels. In the vicinity of Derry Downs (Fig.4.1), between 8 and 10
channels can be found within the broader channel-train, with each channel separated by
small, vegetated islands or narrower ridges (Fig.4.4b) although occasional large midchannel islands are also present.

Further downstream still, the islands and ridges

gradually decrease in number and the channel reverts to a single-thread, wide and
shallow form with a width-depth ratio of around 130 (Fig.4.4b).

A short distance downstream of the confluence with the Sandover River, the Bundey
(i.e. Sandover-Bundey) River alternates from a multiple channel planform to a singlethread channel at intervals along its length (Fig.4.4b). Multiple channels (Plate 4.3b) are
best developed immediately downstream of the junction with Arganara, Centre and
Bullock Creeks, three small tributaries arising in the Davenport Range to the north and
northwest (Fig.4.1). Downstream of the last of these tributaries, the multiple channels
gradually disappear and the channel planform remains largely single-thread for some 25
km before a multiple channel planform once more develops downstream of the junction
with Ooratippra Creek (Fig.4.4b).

In contrast to the downstream variations in channel form displayed by the Bundey River,
channel changes along the shorter Woodforde River are less complex. Downstream of
the confluence with Kerosene Camp Creek, the Woodforde River consists of multiple
channels similar to those in the piedmont and lowland zones of the Bundey catchment
(Fig.4.4c). The multiple channel planform only persists for some 6-7 km downstream,
however, before the ridges and islands separating the channels decrease in number and
size and the Woodforde eventually reverts to a single-thread channel (Fig.4.4c).

In the lowland zones of all three drainage systems, bedrock outcrops and remnants of
Tertiary weathering profiles are less common than in the piedmont zones. Nevertheless,
in both single-thread and multiple channel reaches, the channels and contemporary
floodplains are commonly inset within a trench cut up to 5 m into older alluvial terraces
(Figs.4.4a-c). The terrace alluvium is not always clearly exposed, however, due to bank
degradation or to burial by aeolian sands derived from the regional sandplain and from

deflation of the channel bed (source-bordering dunes). Although floodplains are usually
inset within the terraces, in some locations, gentle onlap of floodplain material has also
obscured the terrace alluvium. These older, often dune-covered, terraces serve to confine
overbank floodwaters to the vicinity of the channel (Figs.4.4a-c), thus limiting the
potential for the development of splay channels and restricting the width of the
floodplains.

As the floodout zone is approached, the terrace and floodplain surfaces

progressively merge and the terraces become less prominent features in the fluvial
landscape.
A short (17-18 km) reach of the Bundey River downstream of Derry Downs provides the
only exception to this general pattern of dune-covered terraces and inset

floodplains

evident in the lowland zones. In this reach of the Bundey, confining alluvial and aeolian
surfaces on either side of the channels are largely absent and the margins of the channel
are formed in younger, less indurated alluvium. As a result, a number of splays breach
the banks of the channel and alluviation spreads for considerable distances to either side
of the channel.
In the lowland zone of the Sandover, Bundey and Woodforde Rivers, many singlethread and multiple channel reaches are characterised by a series of low-amplitude
meanders with wavelength to channel width ratios often greater than 20, although
sinuosities tend to remain low to moderate (<1.2). Although Mabbutt (1977) considered
an average sinuosity of 1.35 shown by the Finke River in its passage through the
lowland plains to be fairly characteristic of large, desert sand-bed channels, this degree of
sinuosity is only evident along the Sandover River near to Kurrajong Bore (Fig.4.1),
where there are more pronounced meanders with wavelengths sometimes greater than 30
times the channel width.
4.3.2.4

Floodout zone

The floodout zone is the part of the drainage system where there is an overall marked
downstream reduction in channel capacity compared to reaches upstream and where an
increasing proportion of flood flows are diverted overbank (Chapters 2 and 6). Figures
4.5a-c illustrate the downstream changes in channel morphology evident in the floodout
zones of the Sandover, Bundey and Woodforde Rivers. Similarities between the three
drainage systems include the absence of confining alluvial and aeolian surfaces to either
side of the channels and the rapid downstream decline in channel size. Despite these
similarities, there are also a number of differences in the downstream changes displayed
by each drainage system.
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Figure 4.5c Examples of surveyed cross-sections in the floodout zone of the Woodforde River. For
each section, the approximate distance downstream is indicated.

On the Sandover and Sandover-Bimdey Rivers, the patterns of channel change in the
floodout zone are highly irregular. Through the floodout zone, the channels undergo a
series of marked fluctuations in width and depth superimposed on an overall decline in
channel capacity (Figs.4.5a, b). Width-depth ratios range between 30 and 250 over
distances of 10 km or less with the local steepening of channel bed slopes (Section 4.3.1,
Fig.4.3) occurring in the short reaches where the width-depth ratio decreases to a
minimum.
On the Sandover River, the channel remains single-thread throughout the floodout zone
and the decline in channel size is especially rapid over the last few kilometres of the
channel (Fig.4.5a). In contrast, the Sandover-Bundey adopts a distributary channel
pattern with two single-thread channels that terminate some 4-5 km apart. Width-depth
ratios of these distributary channels are generally between 20 and 40 and the channels
show a roughly progressive and much slower downstream decline in size (Fig.4.5b).
Along the channels of both the Sandover and Sandover-Bundey Rivers, levees are rarely
developed with the channels mainly flanked by low-gradient alluvial plains.
On the Woodforde River, the pattern of channel change through the floodout zone is far
more regular with a roughly progressive downstream decline in the size of the singlethread channel (Fig.4.5c; Plate 4.4a). Width-depth ratios of the channel are generally in
the order of 25 to 40 and remain relatively constant downstream with no evidence of the
local steepening of channel slopes evident on the larger Sandover and Sandover-Bundey
Rivers. In further contrast to the Sandover and Sandover-Bundey, prominent levees
flank many sections of the Woodforde River in the floodout zone (Fig.4.5c) which grade
into the low-relief alluvial plains on either side of the channel.
For all three drainage systems, the absence of confining surfaces on either side of the
channels has a number of implications for channel form and process. In particular, there
is greater potential for channel migration. For instance, low-amplitude meanders with
wavelengths between 13 and 20 times the channel width are characteristic of the
distributary channels of the Sandover-Bundey River and a number of pronounced
meanders are also noticeable features of the Woodforde River. Nevertheless, sinuosities
tend to remain low to moderate (<1.2) throughout the floodout zones.
The downstream decrease in the size of the Sandover, Bundey and Woodforde Rivers
eventually leads to the disappearance of channelised flow (Plate 4.4b) and floodwaters
spill across the adjacent alluvial surfaces known as 'floodouts'. In the floodout zones of
the Sandover and Woodforde Rivers, several small channels are also found downstream
of the floodout. As flow in these channels depends on the persistence of floodwaters

Plates 4.4a, b The Woodforde and Sandover-Bundey Rivers in the floodout zone, showing the
characteristically well-vegetated banklines and some infilling by sands and gravels; a.) Woodforde River
near to the terminus of the channel (view downstream); b.) the terminus of one of the distributary
channels of the Sandover-Bundey River (view downstream). Beyond the definable channel banks,
channelised flow and bedload transport effectively cease, but floodwaters continue across the low-gradient,
alluvial surfaces of the floodout.

through the floodouts, however, the characteristics of these channels are dealt with more
effectively in Chapter 6.

4.4

DOWNSTREAM

CHANGES

IN

CHANNEL

CAPACITY

AND

BANKFULL DISCHARGE
Adjustment of the size of natural alluvial channels to the volume of water and sediment
that the channel must transmit is a basic axiom of modern fluvial geomorphology (e.g.
Richards, 1982, Knighton, 1984). Beyond the point of tributary inflows, ephemeral
channels are generally characterised by a decrease in both the magnitude and frequency of
flows in the downstream direction (Slatyer and Mabbutt, 1964; Mabbutt, 1977), a
situation which has a number of implications for channel forai and process.
The unusual fluvial geomorphology of the Bundey and Woodforde Rivers - whereby
they alternate from single-thread to multiple channels along their length (Figs.4.4b, c) presents a number of difficulties for the definition and analysis of downstream changes in
basic parameters such as width, depth and velocity. The variable morphology of the
multiple channels and the dividing ridges and islands means that 'bankfull' stage for each
channel varies widely across a given section, and thus widths, depths and velocities
cannot be easily combined or averaged in order to enable comparison with adjacent
single-thread reaches. By defining a 'bankfull' stage for the overall complex of channels
in the multiple channel reaches, however, is possible to calculate bankfull channel
capacities and discharges, which can then be compared to the adjacent single-thread
reaches. Appendix 3 provides further comments on the definition and calculation of
morphometric and hydraulic parameters in the multiple channel reaches, and Appendix 4
presents the data used in the calculations.

On this basis, the downstream trends in bankfull channel capacity and bankfull discharge
for the Sandover, Bundey and Woodforde Rivers are illustrated in Figures 4.6a-c.
Despite variation in detail, all three show broad correspondence in the downstream trends
of capacity and discharge. On all three rivers, there is a downstream increase in both
parameters through the headwater and piedmont zones due to the large numbers of
tributaries joining the trunk channel and the absence of splay and distributary channels
(Figs.4.6a-c).

Greater variation in the downstream trends is apparent between the

lowland zones of the three drainage systems, however, largely on account of the different
patterns of tributary drainage and the number of splay or distributary channels. Both the
large Sandover River and the smaller Woodforde River receive only minor tributary
contributions in the lowland zone yet capacity and discharge initially increase slightly
before generally declining towards the floodout zone (Figs.4.6a, c). The Bundey River
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Figure 4.6a Downstream changes in bankfull channel capacity and bankfull discharge on the Sandover River. Discharges estimated by the Manning Equation (Chapter 3).
Numerals I, H, III and IV refer to the upland, piedmont, lowland and floodout zones, respectively. Arrows indicate the location of the major tributary inflows (|) and the
major outflows via splay or distributary channels (t). The trend lines for capacity and discharge represent the mean of the three surveyed cross-sections in each representative
reach and a three-point running mean of the surveyed sections in the floodout zone.
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Figure 4.6b Downstream changes in bankfull channel capacity and bankfull discharge on the Bundey (Sandover-Bundey) River. Discharges estimated by the Manning
Equation (Chapter 3). Numerals I, II, III and IV refer to the upland, piedmont, lowland andfloodoutzones, respectively. Arrows indicate the location of the major tributary
inflows (I) and the major outflows via splay or distributary channels (\). The trend lines for capacity and discharge represent the mean of the three surveyed cross-sections in
each representative reach and a three-point running mean of the surveyed sections in the lowland-floodout transition and thefloodoutzone.
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Figure 4.6c Downstream changes in bankfull channel capacity and bankfull discharge on the Woodforde River. Discharges estimated by the Manning Equation (Chapter
3). Numerals I, II, III and IV refer to the upland, piedmont, lowland and floodout zones, respectively. Arrows indicate the location of the major tributary inflows (J) and the
majOT outflows via splay or distributary channels (t). The trend lines for capacity and discharge represent the mean of the three surveyed cross-sections in each representative
reach and a three-point running mean of the surveyed sections in the lowland and floodout zone.

also receives only minor tributary contributions in the uppermost section of the lowland
zone but, in contrast, it shows a sharp decrease in both channel capacity and discharge,
particularly where a number of splay channels breach the banks in the vicinity of Derry
Downs (Fig.4.6b). In the downstream section of the lowland zone, however, where the
Sandover-Bundey is joined by the Sandover River and Arganara, Centre and Bullock
Creeks, both channel capacity and discharge increase (Fig.4.6b).
Variation in the downstream trends of channel capacity and bankfull discharge are also
evident between the floodout zones of the three drainage systems. In the transition from
the lowland to the floodout zones, the large Sandover and Sandover-Bundey Rivers both
show initial abrupt increases in capacity and discharge followed by overall rapid
decreases as the floodout is approached (Figs.4.6a, b). On the Woodforde River, this
initial increase in capacity and discharge is less apparent and both parameters gradually
decline through the floodout zone (Fig.4.6c). For all three drainage systems, the decline
in capacity and discharge is partly a result of the large number of splay channels that
siphon floodwaters from the trunk channels.

4,4.1 Contributory factors to the downstream changes in capacity and
discharge
Intra- and inter-catchment comparisons of bankfull capacity and discharge are most
meaningful if it can be shown that the frequency of bankfull discharge remains constant
downstream. For the Sandover, Bundey and Woodforde Rivers, the lack of detailed
flow gauging data means that the frequency of bankfull discharge is unknown. The
limited data available, however, combined with the observations of local pastoralists,
indicates that a constant frequency of bankfull discharge in the downstream direction
cannot be assumed (Chapter 2). While there may be 2-4 flows per year in the piedmont
reaches, many of the smaller flows do not persist very far such that floods occur at much
longer intervals further downvalley. For the Bundey River, which receives tributary
inflows at several points in the lowland zone (Fig.4.6b), local information indicates that
flows reach the floodout on average every 1-2 years, as is the case for the smaller
Woodforde River where the floodout is located closer to the upland sources of runoff.
For the Sandover River, however, which receives few tributary inflows in the lowland
zone (Fig.4.6a), flows appear to reach the floodout at less frequent intervals of about 3-4
years (Chapter 2). For all three drainage systems, therefore, flow frequency generally
decreases in the downstream direction. Although many of these flows are sub-bankfull
events, it is reasonable to assume that the frequency of bankfull discharge also decreases
in the downstream direction: in other words, bankfull flows in the headwater and
piedmont reaches occur more frequently than in the lowland and floodout zones.

In such a situation, explaining the downstream variations in bankfull capacity and
discharge entails disentangling the influences of a variety of factors. Nevertheless, where
there are no tributary inflows, the typical downstream decline in channel capacity reflects
the downstream decrease in both flow magnitude and flow frequency: in other words,
both the size and number of 'channel-forming' events decreases downstream. In turn,
the downstream decrease in discharge most likely reflects the combined effects of
transmission loss, the attenuation of flood hydrographs and the loss of floodwaters to
splay and distributary channels. Clearly, however, some circularity of argument is
involved here, in that the downstream decrease in discharge is partly inferred from the
concomitant decrease in capacity.
In many reaches, such as through the lowland zones of the Sandover and Woodforde
Rivers, the downstream decline in capacity (and, to a lesser extent, discharge) is
relatively gradual. In large part, this can be related to the alluvial terraces and aeolian
dunes that flank the channels through the lowland zones (Figs.4.4a-c). The confining
effect of these landforms is two-fold: first, they provide little potential for the
development of distributary or splay channels that would otherwise abstract water from
the trunk channel; and second, by containing overbank flows, they minimise the loss of
water to floodplain alluvium. The confining effect of these alluvial and aeolian surfaces
is best illustrated in reaches where they are largely absent, such as along the Bundey
River in the vicinity of Derry Downs. Here, a number of splay channels siphon
floodwaters from the trunk channel and overbank flows spread for considerable distances
to either side of the channel. As a result, rates of downstream decline in channel capacity
and discharge markedly increase for a short distance (Fig.4.6b).
In the transition to the floodout zone, these confining alluvial and aeolian surfaces also
largely disappear (Figs.4.5a-c) and overbank floodwaters can spread for greater distances
to either side of the channel margins. Given this, the marked increases in the channel
capacity and discharge evident at the lowland-floodout transition of the Sandover and
Sandover-Bundey (and, to a lesser extent, Woodforde) Rivers (Figs.4.6a-c) are difficult
to explain. While the Sandover-Bundey receives minor inflows from the small tributary
of Ooratippra Creek (estimated bankfull discharge of 38 mVs) and some local runoff from
the bedrock plain to the south of the channel, these are insufficient to explain the dramatic
increase in channel capacity. Furthermore, there is a similarly large increase in channel
capacity on the Sandover River, even in the absence of tributary inflows.

In the absence of major tributary contributions, the increases in capacity and discharge
make little sense in terms of downstream flow continuity. Nevertheless, field evidence of

recent flood debris near or above the level of bankfull, clearly shows that bankfull is
occasionally exceeded, even in the largest sections in the floodout zones. Hence, the
most likely explanation for the increases in capacity is related to the gradual disappearance
of the confining alluvial or aeolian surfaces in the transition from the lowland to the
floodout zone (Section 4.3.2.4). Where present, the flanking alluvial and aeolian
landforms confine overbank flows to the vicinity of the channels. Field evidence of flood
debris on the sides of aeolian dunes and in the branches of floodplain vegetation indicate
that flood levels are often far in excess of the channel banktops (Figs.4.4a-c - see highwater marks) and thus bankfull discharge is often lower than the maximum discharge that
can be conveyed by a given section. It seems likely that these maximum discharges are
'funnelled' into the unconfmed reaches downstream where the channel boundaries are
formed in more recent, little indurated alluvium. As a consequence, there is a greater
capacity for bank erosion, resulting in increased channel instability and initially enlarged
channel capacities. On the Sandover and Sandover-Bundey Rivers, most of the initial
increase in capacity is accommodated by increases in channel width rather than channel
depth. However, the rivers undergo a number of marked changes in both width and
depth in their passage through the floodout zone (Figs.4.5a, b), and thus appear to be
overwidened and/or overdeepened in certain sections.
Beyond the initial increase in channel capacity that occurs in the transition to the floodout
zone, the absence of confining alluvial and aeolian surfaces to either side of the channels
also .results in the subsequent overall downstream decline in channel capacity and
bankfull discharge. For all three rivers, the absence of confining surfaces has twoeffects: first, it provides potential for the development of large numbers of splay and
distributary channels (Figs.4.6a-c) which siphon water from the trunk channels; and
second, as overbank flows spread for greater distances to either side of the channels,
losses of floodwaters to floodplain alluvium increase dramatically. On the Sandover
River, the rapid decreases in capacity and discharge in the last few kilometres are partly a
result of the shortening of the river following avulsion during the 1974 flood (Chapters 7
and 8). Nevertheless, from aerial photographs taken in the 1950s and early 1970s, a
rapid decrease is apparent even prior to this event. On the Sandover-Bundey River, the
rapid decreases in capacity and discharge are partly due to the fact that flow is divided
between 2-3 distributary channels in the floodout zone; only the data for one of these
channels is illustrated in Figure 4.6b. However, even if the capacities and discharges of
all the distributary channels were combined, the downstream decrease would remain
relatively rapid.

4.5 DOWNSTREAM CHANGES IN STREAM POWER
The effectiveness of flood events in moulding river channels is strongly tied to stream
power, a parameter which is controlled by flood magnitude (discharge), channel slope
and channel morphology (Baker and Costa, 1987). Spatially, particular zones exist
within catchments where stream power is maximised. An important gap in fluvial
theory, however, is a lack of understanding of the spatial distribution of stream power,
especially on the regional or network scale (Graf, 1983c).
Unfortunately, however, an estimation of stream power for sites along the Sandover,
Bundey and Woodforde Rivers proved problematic. Downstream variations in stream
power are largely determined by variations in discharge and slope, and the derivation of
both of these are fraught with uncertainties (Chapter 3). In addition, for the Bundey and
Woodforde Rivers, the widespread occurrence of multiple channel patterns means that
downstream trends in unit stream power are not easily illustrated. Values of unit stream
power vary widely between individual channels in multiple channel reaches and they
cannot be averaged in any meaningful sense in order to enable comparison with adjacent
single-thread reaches (Appendix 3).
For the single-thread Sandover River, however, the downstream trends in bankfull unit
stream power are more readily illustrated (Fig.4.7). Despite the limitations of using
bankfull to compare downstream changes (Section 4.4.1), this provides the only
consistent reference point for comparison between reaches (Chapter 3). Insofar as
bankfull is occasionally exceeded at each site, at the very least it provides an indication of
the values of unit stream power prevailing during certain periods of time.
On the Sandover River, unit stream power slowly increases downstream through the
upland and piedmont zones and reaches an initial peak in the middle section of the
lowland zone where the combination of channel size (discharge) and slope are maximised
(Fig.4.7). Beyond the point of tributary inflows, unit stream power slowly decreases
downstream. In the transition to the floodout zone, the large increase in channel capacity
and discharge is not reflected in a similarly large increase in unit stream power (Fig.4.7)
because of the increase in the width of many sections. However, a major peak in unit
stream power (-130 W/m" - Fig.4.7) occurs in the locally steepened section of channel
(Fig.4.3, -277.5 km downstream) where the width-depth ratio decreases to a minimum.
In this short reach (<600 m long), unit stream power far exceeds the values determined
for reaches in the piedmont and lowland zones and this has resulted in locahsed scour of
the channel bed (Section 4.3.1). Thereafter, unit stream power rapidly declines towards
the terminus of the channel.
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Figure 4.7 Downstream changes in bankfull unit stream power on the Sandover River. Numerals I, II, III and IV refer to the upland, piedmont, lowland and floodout
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The spatially variable pattern of bankfull unit stream power along the Sandover has many
similarities with the general downstream trends for the Bundey and Woodforde Rivers.
In particular, very high values of unit stream power (>80 W/m") are characteristic of the
locally steepened reaches in the floodout zone of the Sandover-Bundey River (Fig.4.3,
~266.5 and 268 km downstream). These downstream trends contrast with the pattern
typical of many perennial streams in more humid regions where discharge usually
increases in the downstream direction but channel slope declines so the two variables act
in opposition to one another in their influence on stream power. Although a number of
studies have shown how localised lithologie effects and variations in valley morphology
can introduce considerable irregularity to the downstream patterns of stream power (e.g.
Magilligan, 1992; Miller and Parkinson, 1993; Miller, 1995), power usually peaks in the
upper or middle reaches of drainage basins where the product of discharge and slope is
maximised (Bull, 1979; Graf, 1983c). On the Sandover and Sandover-Bundey Rivers,
however, unit stream power is often maximised in locally steepened or narrowed sections
of channel, even where they occur in the distal reaches.
Figure 4.7 only illustrates the downstream trend in unit stream power for bankfull flows
but the behaviour of stream power during a given flood event may also be
geomorphologically significant. Observations of flood bores in desert streams have
described how water surface slopes on the front of the flood bore are often considerably
steeper than channel bed slopes (see photographs in Leopold and Miller, 1956 and Graf,
1988a, for instance) suggesting that there is considerable potential for sediment transport
during the early stages of floods. The observations of local pastoralists indicates that a
similar situation prevails even in the relatively low-gradient channels of the Alice Springs
region, particularly for reaches in the upland and piedmont zones where flood waves are
less attenuated. Hence, much of the power in a flood event may in fact be concentrated
in the flood bore rather than at bankfull stage. Nevertheless, in the absence of direct
observation and measurement of flood bores (e.g. Hassan, 1990b) along channels in the
Alice Springs region, more quantitative statements cannot be made as yet.

4.6 DOWNSTREAM RATES OF CHANGE IN MORPHOMETRIC AND
HYDRAULIC PARAMETERS
The downstream trends in the bankfull channel capacities and discharges of the
Sandover, Bundey and Woodforde Rivers provide potential for comparison with trends
for ephemeral streams in other desert environments. However, although many authors
have referred to downstream decreases in channel capacity and/or discharge along

ephemeral streams (e.g. Vanney, 1960; Mabbutt, 1977; McCarthy etai, 1991), there has
been little explicit consideration of the rates of change.

In view of this, Dunkerley's (1992) study of small ephemeral channels draining the
Barrier Ranges, western New South Wales, is an important exception. From his study
o f Fowlers and Sandy Creek, Dunkerley (1992) noted that many channel parameters
displayed a logarithmic decrease with increasing distance from the upland sources of
runoff.

These trends were described in terms of linear regression o f the channel

parameter (transformed using natural logarithms. In) on distance below the uplands
(untransformed) and, by analogy with the classical radioactive decay law, were
expressed in terms of a 'half-distance'. The 'half-distance' was defined as 'the channel
length in km over which a morphometric parameter declines to half its initial value'
(Dunkerley, 1992, p.426).

Comparison of the half-distances for morphometric and

estimated hydraulic parameters such as cross-sectional area, velocity and discharge
revealed rates of downstream change to be much faster for the smaller channel of Sandy
Creek. Hence, it was suggested that 'the rapidity of change in morphometric variables
can ... be readily compared in different systems in terms of this physically meaningful
parameter' (Dunkerley, 1992, p.426).

The downstream trends in the morphometric and hydraulic characteristics of the
Sandover, Bundey and Woodforde Rivers (Figs.4.4-4.6) provide an ideal opportunity to
test the applicability and usefulness of this concept to channels in the Alice Springs
region. The data from the Woodforde River are the most suitable for this purpose for
two main reasons. First, the concept of the half-distance was derived from study of the
relatively small Fowlers and Sandy Creeks, which possess upland catchments of 434
km^ and 60 km^ respectively (Dunkerley, 1992) and which pass through narrow gorgelike exits onto the flanking plains where there are few further tributary inflows. In terms
o f scale, therefore. Fowlers Creek is comparable to the W o o d f o r d e River whose
catchment area to the junction with Kerosene Camp Creek (the last major tributary) is
approximately 360 km\ Second, in contrast to the large Sandover and Bundey Rivers
where surveying was mainly restricted to reaches representative of longer stretches of
river, on the relatively small Woodforde River, cross-sections were surveyed at more
regular intervals through the lowland and floodout zones.

This enables a better

assessment of rates of downstream change.

On the W o o d f o r d e River, however, there are difficulties in providing a consistent
definition o f channel capacity through the lowland zone, where multiple channels are
developed and where the inset floodplains and flanking terraces gradually merge in the
transition to the floodout zone (Section 4.3.2.3). High water marks on the flanks of the

terraces clearly indicate that they confine many of the 'overbank' flows to the vicinity of
the channel and floodplain (Fig.4.4c) and thus, in some senses, the terraces can be
considered as 'apparent' banktops. Hence, in order to assess the rates of downstream
change, three estimates of channel capacity have been employed (Fig.4.8). In the first
instance, 'bankfull' in the multiple channel reaches is defined in relation to the height of
the most elevated ridge, island or flanking floodplain and the overall capacity for the
section calculated on this basis (Appendix 3). This is the definition of channel capacity
adopted in Section 4.4 (Fig.4.4c) and it provides a lower estimate of channel capacity
(Fig.4.8). In the second instance, channel capacity is defined in relation to the elevation
of the flanking terraces. As the high water marks on the sides of the terraces indicate that
they are sometimes nearly overtopped by large floods, this provides an upper estimate of
channel capacity close to that of peak flood stage (Fig.4.8). The average of the lower
and upper estimates thus form the basis for a third estimate of channel capacity which is
intermediate between bankfull and peak flood stage (Fig.4.8).
Regardless of the adopted definition of channel capacity, Fig.4.8 shows that the channel
capacity of the Woodforde River initially increases at the start of the lowland zone after
which it decreases downstream. For the three estimates of channel capacity, r" values for
linear regressions between capacity (In-transformed) and distance downstream range
from 0.697-0.871 (Table 4.1a). In each instance, however, linear regression of the
untransformed channel capacity data against distance downstream provides a slightly
better fit to the data, with r' values ranging between 0.757-0.910 (Table 4.1b). Even if
the first two surveyed sections (36 and 37 km downstream) are removed from the data
set, linear regression still provides a better fit to the data. In addition, while significant
serial correlation is evident in the residuals from the In-linear regressions (DurbanWatson statistics significant at the 1% level), serial correlation is only evident in the
residuals from the linear regression for the upper estimate of channel capacity (DurbanWatson statistic significant at the 5% level, inconclusive at the 1% level).

The results suggest that, for all three estimates of channel capacity, the decrease of
capacity with distance downstream is best described by a linear trend. This indicates that
the rate of decrease remains approximately constant downstream. Hence, it precludes
calculation of the half-distance pai-ameter which implies a decreasing rate of downstream
change. Due to the variable elevation of the ridges, islands and floodplains used to
define bankfull in the multiple channel reaches of the lowland zone, and the slight
increase in capacity in the transition to the floodout zone (Fig.4.8), the lower estimate of
channel capacity provides the the lowest r' value for the linear regression of capacity
against discharge (Table 4.1b). In contrast, the elevation of the terraces (upper estimate
of channel capacity) provides a remarkably high r" value (Table 4.1b). ProbabiUties that
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Figure 4.8 Downstream changes in channel capacity through the middle and lower reaches of the
Woodforde River, illustrating how the terraces and modem floodplains converge in the transition from the
lowland zone (III) to the floodout zone (IV). In the lowland zone, the elevation of the ridges, islands and
floodplains provides a lower estimate of channel capacity, adopted as the level of bankfull. The elevation
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the upper and lower estimates forms a third estimate of channel capacity.

Table 4.1

Regression relations between channel capacity, dischai"ge and distance

downstream for the Woodforde River
a.)
Parameter

Estimate

Form of

a

b

r^

regression

Channel capacity

Discharge

Standard

Probability

error

lower

In-linear

8.780

-0.097

0.697

0.016

1.630x10-'

upper

In-linear

11.801

-0.151

0.871

0.015

1.633x10'

average

In-linear

10.637

-0.130

0.836

0.014

1.100x10"^

lower

In-linear

8.637

-0.092

0.484

0.024

0.001

upper

In-linear

12.588

-0.162

0.794

0.021

7.145x10"'

average

In-linear

11.188

-0.137

0.727

0.021

6.967x10'

Estimate

Form of

a

b

r

Standard

Probability

b.)
Parameter

regression

Channel capacity

Discharge

error

lower

linear

350.268

-5.593

0.757

0.791

2.668x10'

upper

linear

961.006

-16.617

0.882

1.522

7.994x10-"^

average

linear

655.637

-11.105

0.910

0.875

9.168x10'"'

lower

linear

320.917

-4.632

0.384

1.467

0.006

upper

linear

1255.615

-21.439

0.881

1.973

8.558x10'^

average

linear

788.275

-13.036

0.893

1.130

3.649x10''

Note:
The fitted regressions are of the following form:
in (parameter) = a + b (distance downstream)
or

parameter = a + b (distance downstream)

Standard errors are for the parameters of channel capacity and discharge. Note that the standard error of the
In-transformed parameters is

not directly comparable to that of the untransformed

Probabilities are derived from F-tests.

parameters.

the results could reflect random variation, derived from F-tests are shown in Table 4. lb.
In all three instances, probabilities are very low (significant at the 1% level) indicating
that it is extremely unlikely that the relationships between channel capacity and distance
downstream are due to chance.
For the largely single-thread channels of Fowlers and Sandy Creek, Dunkerley (1992)
derived half-distances for a range of other morphometric and hydraulic parameters such
as channel width, grain size, critical and mean flow velocity and discharge. There were
no clear trends in the downstream variations of average channel depth and width-depth
ratio. However, on the Woodforde River, the pattern of multiple channels in the lowland
zone - whereby flow is routed through a number of channels of vaiying size and shape
(Fig.4.4c) - means that it is not easy to examine the downstream changes in channel
variables such as width, depth, width-depth ratio and velocity (Appendix 3).
Despite this, downstream trends in discharge (Fig.4.6c) can still be examined. Using the
three estimates of channel capacity illustrated in Fig.4.8, and calculating discharge using
the Manning equation (Chapter 3), regression relations between discharge and distance
downstream can be established. Table 4.1a shows that r" values for the regression
relations between discharge (In-transformed) and distance downstream range between
0.484 and 0.794. For the upper and average estimates of discharge, however, linear
regression on the untransformed discharge data again provides a marginally improved fit
to the data with r' values of 0.881 and 0.893, respectively (Table 4.1b). Furthermore,
significant serial correlation is evident in the residuals from the In-linear regressions
(Durban-Watson statistics significant at the 1% level) but it is less evident or not
significant in the residuals from the linear regressions.

For instance, while serial

correlation in the residuals from the linear regression on the upper estimate is significant
at the 1% level, for the lower estimate it is only significant at the 10% level and for the
average estimate there does not appear to be any significant serial correlation. As in the
case of channel capacity, these results suggest that the decrease of capacity with distance
downstream is best described by linear trends. However, for both forms of regression,
the r^ values show that regression provides a poorer fit to the estimates of discharge than
to channel capacity, probably due to the greater sensitivity of discharge estimations to
longitudinal variations in slope and roughness. In particular, the regressions on the
lower estimate of discharge against distance downstream provide a very poor fit to the
data, largely on account of the apparent slight increase in bankfull discharge in the
transition from the lowland to the floodout zone (Fig.4.6c).
The findings from the Woodforde River show that, once beyond the point of tributary
inflows, the rate of change in parameters such as channel capacity and discharge

decreases in an approximately linear fashion as the floodout is approached. Hence, the
data from the Woodforde do not conform to Dunkerley's (1992) concept of the 'halfdistance'. However, this is not to deny the potential usefulness of the half-distance
concept for describing the patterns and rates of change on many drainage systems in the
Alice Springs region. Aerial photographs and field inspection reveal that many other
relatively small drainage systems (catchment areas <1000 km") on the Northern Plains
exhibit very regular downstream decreases in channel size. These decreases may
conform to either linear or logarithmic trends. Due to the widespread occurrence of
multiple channel patterns on the Northern Plains (Chapter 5), there are problems in
examining downstream changes in parameters such as width, depth and velocity but
further detailed study of these small drainage systems may enable comparisons to be
made as to the pattern and rates of decrease in variables such as channel capacity and
estimated discharge.
The downstream trends in bankfull channel capacity and discharge on the larger
Sandover and Bundey Rivers (Figs.4.6a, b), however, indicate that concepts such as the
half-distance or assumptions of linear change are not appropriate for describing the
downstream changes. On these rivers, channel capacities and discharges generally
decrease once beyond the point of tributary inflows, but far less progressively than on
the Woodforde River and often with marked variations over short distances, especially in
the floodout zones. Furthermore, the tendency of some large rivers (such as the
Sandover-Bundey) to spread flow through a number of distributary channels in the
floodout zone makes the assessment of downstream trends difficult.
The pattern of alternating deep/narrow and shallow/broad channel reaches shown by the
Sandover and Sandover-Bundey Rivers in the floodout zone has been noted in general
terms for other drainage systems in central Australia (Madigan, 1946; Perry et aL, 1962;
Sullivan, 1976; Mabbutt, 1977; Argue and Salter; 1977; Pickup, 1991). Although few
details have been provided, this would appear to be particularly characteristic of the larger
rivers in the region. Aerial photographs and field investigation of the relatively large
drainage systems (catchment area >1000 km') reveals that for rivers such as the Finke,
channel widths, depths and capacities often vary markedly even over short distances. In
addition, some large rivers, such as the Finke, the Plenty and the Landar, adopt
anabranching or distributary channel patterns in the distal reaches. Although there are
few documented examples, these preliminary observations cast some doubt on the
applicability of Dunkerley's (1992) half-distance concept for describing the downstream
changes shown by the large channels in the region.

4.7 DOWNSTREAM CHANGES IN BED MATERIAL
The bed material characteristics of a river depend on three main factors (Pickup, 1984):
first, the patterns and rate of supply of load from the drainage basin; second, the
competence of the river to transport and sort delivered material; third, the extent and
severity of abrasion and other forces which lead to particle breakdown and comminution.
In general, with progressive distance from the headwater reaches, bed material size tends
to decrease whereas sorting usually increases (Knighton, 1980; Reid and Frostick,
1994).
The downstream trends in the calibre and sorting of bed material from the Sandover,
Bundey and Woodforde Rivers are illustrated in Figures 4.9-4.10. While analysis was
restricted to the fraction of the bed material finer than pebble grade (Chapter 3), at the
vast majority of sites the absence or low percentage cover of particles coarser than
pebbles means that the trends are representative of the bulk of the bed material
transported.
For the samples analysed here, median grain size (Mj) and the graphic mean (M^) (Folk,
1974) provide a very similar measure of bed material calibre. Only the downstream
trends in Md are illustrated in Figure 4.9. Both Mj and M^ reveal a marked difference in
the calibre of the bed material transported by the Sandover River as compared to that
transported by the Bundey and Woodforde Rivers (Fig.4.9). For the Sandover River,
Md is typically medium to coarse sands (2 to 0 phi; 0.250 to 1.00 mm), whereas in the
upland, piedmont and lowland zones of the Bundey and Woodforde Rivers, Md is
typically coarse to very coarse sands (1 to -1 phi; 0.50 to 2.00 mm) (Fig.4.9). Despite
these differences in bed material calibre, for all three drainage systems there is a general
downstream decrease in both Md (Fig.4.9), probably reflecting the gradual comminution
of the larger clasts during transportation. Size selective transport of the finer fraction of
the bed material load is unlikely to be an important control on the downstream size
decrease because the coarser particles are not locked into armour layers or cluster
bedforms. Thus, although varying in size, particles are likely to have equal (or nearequal) mobility (cf. Reid et ai, 1995).
Despite the overall downstream decrease in Md, however, minor textural reversals in the
downstream direction are not uncommon, particularly in the headwater and piedmont
zones where coarse-grained sediments are supplied to the trunk channel at tributary
junctions or by localised erosion of floodplains or terraces. Furthermore, even in the
lowland zone, where there are relatively few coarse-grained tributaries, the downstream
decrease in the calibre of the bed material load is relatively muted. In some instances, the
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Figure 4.9
Downstream trends in median grain size (Mj) of bed material from the Sandover,
Bundey (Sandover-Bundey) and Woodforde Rivers. Each point represents one bed material sample.
Numerals I, II, in and IV refer to the upland, piedmont, lowland and floodout zones, respectively.
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Figure 4.10 Downstream trends in inclusive graphic standard deviation (sorting) (a,) of bed
material from the Sandover, Bundey (Sandover-Bundey) and Woodforde Rivers. Each point represents one
bed material sample. Numerals I, II, III and IV refer to the upland, piedmont, lowland and floodout
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sorted; 4.0-2.0 - very pooriy sorted; 2.0-1.0 - poorly sorted; 1.0-0.71 - moderately sorted; 0.71-0.50 moderately weU sorted; 0.50-0.35 - well sorted; under 0.35 - very well sorted.

differences in M j within a given reach are almost as great as those occurring in the
downstream direction. Pronounced downstream fining is only evident in the floodout
zones of the Bundey and Woodforde Rivers (Figs.4.9a, c) with M j declining from
coarse to medium sands in the last few kilometres of the channel.
Similarly slow downstream decreases in the calibre of bed material, or the absence of a
downstream decrease, has been noted in some other desert streams (e.g. Mabbutt, 1962,
1967; Slatyer and Mabbutt, 1964; Hugo and Hattingh, 1971; Frostick and Reid, 1979;
Rhoads, 1989). This has been attributed to a number of factors including the rapid rise
and recession of desert flood hydrographs, the variable travel distance of desert floods,
local increases in stream power and the initial size and patterns of material supplied to the
headwaters (e.g. Hugo and Hattingh, 1971; Frostick and Reid, 1979; Rhoads, 1989).
For channels in central Australia, Mabbutt (1962, 1967) has suggested a number of other
factors which counteract the tendency to downstream fining of bed material, including the
lateral admixture of aeolian sands and the retraction of drainage lines that have occurred
with increasing dessication of the Australian continent. Mabbutt (1962, 1967) has even
suggested that this latter factor has led to the reversal of natural textural zonation on many
piedmont 'fans' in the region.
For the Sandover, Bundey and Woodforde Rivers, however, the muted downstream
decrease in grain size more likely reflects the relatively limited initial size of material
supplied to the channels and the relatively high stream powers (and bed shear stresses)
that are maintained throughout the length of the channels during flood events at or
approaching bankfull (Section 4.5, Fig.4.7). Even in the upland zones, for instance,
there are relatively few gravels and cobbles in the bed material, and this restricts the
opportunity for a marked downstream size decline to be realised (cf. Rhoads, 1989).
Furthermore, the high (or peak) values of unit stream power that are attained in the
lowland and floodout zones during flow events at or approaching bankfull suggest that
these flows are more than competent to transport gravels and coarse sands as far as the
floodout. Indeed, in locally steepened reaches in the floodout zones of the Sandover and
Bundey Rivers, channel beds have been largely swept clear of bedload sands and gravels
(Section 4.3.1).

In other words, relatively large, long-duration floods which are

competent to transport relatively coarse material downstream may partially obscure the
expected relation between bed material calibre and distance possibly established during
preceding smaller, shorter duration floods. Hence, the downstream trends in bed
material size observed at any one time may reflect the recent history of flood events.

In the upland, piedmont and lowland zones of the Sandover, Bundey and Woodforde
Rivers, bed material is typically poorly to moderately sorted (2 to 0.71 phi) (Fig.4.10),

reflecting the wide range of grain sizes supplied to the channels in catchments with
variable lithology. For all three drainage systems, however, there is a clear tendency for
Oi (Folk, 1974) to increase downstream, with bed material in the floodout zones typically
moderately to moderately well sorted (1 to 0.5 phi) (Fig.4.10). Previous research has
provided little theoretical insight into the relationship between distance and the degree of
sorting, neither on perennial nor ephemeral streams (Rhoads, 1989). In the Sandover,
Bundey and Woodforde Rivers, the improved sorting is associated with the downstream
decreases in bed material size (Figs.4.9-4.10) and thus may also reflect the effects of
particle comminution.
For all three drainage systems, there are no clear trends in Ski (Folk, 1974). The
majority of samples are near-symmetrical or coarse skewed (0.1 to -0.3) reflecting the
fact that very little material finer than fme sand is present in the bed material. Indeed, for
the Sandover, Bundey and Woodforde Rivers, as well as for many other rivers on the
Northern Plains, fine-grained sedimentary deposits such as mud drapes are rarely found
on channel beds, even in the distal reaches of the channels.

4.8 SEDIMENTARY BEDFORMS
A large number of studies have documented the various bedforms resulting from floods
in sand-bed, ephemeral channels (e.g. McKee et aL, 1967; Wopfner, 1970; Williams,
1971; Karcz, 1972; Picard and High, 1973; Lucchita and Suneson, 1981; Parkash et aL,
1983; Sneh, 1983; Stear, 1985; Zwolinski, 1985; Shepherd, 1987). Among these,
Williams' (1971) detailed descriptions of the bedforms resulting from the 1967 floods in
the channels of the western Lake Eyre basin, central Australia, is one of the most widely
cited. Hence, it provides a basis for comparison with the findings of this study.
For the Sandover, Bundey and Woodforde Rivers, bedforms are relatively restricted in
occurrence. In the upland, piedmont, lowland and floodout zones of all three rivers,
channel beds are largely planar (e.g. Plates 4.1 and 4.3a) with bedforms generally limited
to occasional 2-D or 3-D, small to large, subaqeous dunes (Ashley, 1990). The most
common type of dune consists of bodies of sand and granules/pebbles up to 100m in
width, formed transverse to flow and terminating downchannel in avalanche slip faces.
Similar large flow-transverse bedforms are commonly found in sand-bed ephemeral and
perennial streams where they have formerly been termed 'transverse' and 'linguoid' bars
(e.g. Allen, 1968; Williams, 1971; Miall, 1977). Dunes most commonly occur as
solitary forms but in rarer instances occur as small sets consisting of two to three dunes
with spacings of around 50-100 m. The upper surfaces of the dunes are usually planar
with no evidence of smaller, superposed bedforms. Dune crests are either relatively

straight (2-D dunes) or rhomboid or lobate (3-D dunes) in pianform. In relatively small
channels (width <50 m) dunes often span the entire width but in larger channels they
often only extend part way across. Avalanche slip faces are usually between 0.2-0.5 m
high and generally dip at high angles (30-40°) in the downstream direction. Locally,
however, avalanche faces dip at angles oblique or transverse to the general direction of
downstream flow. In the 2-D forms, the toe of the slip face forms a planar contact with
the channel bed but in the less common 3-D forms the contact is generally more tangential
and often grades into shallow (0.1-0.2 m deep) scour pits.
In contrast to the large numbers of solitary dunes or small sets of dunes, extensive trains
of dunes (the 'large-scale ripples' of Williams, 1971) are much less common along the
Sandover, Bundey and Woodforde Rivers. However, trains of 2-D small to medium
dunes are occasionally found in the smaller channels (width <20 m), particularly in the
multiple channel reaches of the Bundey and Woodforde Rivers (Plate 4.5). These trains
generally consist of between 10 and 15 dunes, with crest-to-crest spacings of 3-8m and
heights of 0.3-0.4 m. Crests are either relatively straight or slightly sinuous in pianform
and usually extend completely across the channels. The toe of the steeply dipping (3040°) slip face forms a planar or slightly tangential contact with the stoss side of the
following dune which often dips gently upstream. There is often a noticeable variation in
grain size across the dunes, from coarse sands and granule/pebble gravels on the stoss
side to medium to coarse sands on the slip face (Plate 4.5). In rare instances, thin (0.010.02 m thick) mud flakes or curls are found at the toe of the slip face.
Despite minor differences in morphology, the sedimentary structures formed by
migration of

solitary dunes and dune trains are similar.

In both instances, the

predominant internal structure consists of steeply dipping (30-40°), tabular cross-beds
representing progradation of avalanche slip faces (Plate 4.5). In the rarer 3-D dunes,
crude trough cross-beds are also sometimes found. Individual laminae range from 0.020.05 m thick and generally consist of medium to coarse sands although there are
sometimes interbedded lenses of mud or organics. Reactivation surfaces, representing
partial erosion of the dune followed by renewed deposition, are also occasionally
preserved.
In addition to the formation of bedforms, there are a number of other processes
introducing irregularities to the otherwise largely planar channel beds of the Sandover,
Bundey and Woodforde Rivers. For instance, the vast numbers of trees (principally E.
camaldulensis) growing in the channel beds - many possessing girths greater than 2 m form a considerable obstruction to floodwaters and commonly induce local scour or
deposition. The term 'obstacle mark' is used for sedimentary features resulting from the
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Plate 4.5 Train of 2-D dunes developed in tiie floodout zone of the Sandover-Bundey River. Flow
direction is from top right to bottom left. Internal structure of dunes (indicated by the spade) consists of
steeply-dipping, tabular cross-beds of medium to coarse sands.

Plate 4.6 Current crescent developed in association with a large river red gum {E.

camaldiilensis)

growing in the channel of the Bundey River in the piedmont zone. Flow direction is from right to left.
The left-hand side of the scale is marked in cm.

deformation of flow induced by obstacles (Dzulynski and Walton, 1965) with erosional
forms generally known as current crescents and the depositional forms as current
shadows (Allen, 1982).
Current cresents have been noted in a wide range range of fluvial contexts (see Allen,
1982), including on the bed of ephemeral stream channels as a result of vegetation
growth (e.g. Karcz, 1968, 1972; Graeme and Dunkerley, 1993).

In the Sandover,

Bundey and Woodforde Rivers, current crescents developed in association with inchannel trees closely correspond with many other previous descriptions consisting of an
arcuate trough scoured on the upstream side of the tree and extending for several metres
downstream (Plate 4.6). The dimensions of the troughs vary considerably with the girth
of the tree and the amount of debris lodged on the upstream side but are commonly up to
1 m wide and 1 m deep on the immediate upstream side of the tree. The widths and
depths of the troughs rapidly shallow downstream, however, before grading into the near
planar bed of the channel. On the immediate downstream side of the tree, one or several
small (<0.02 m high, 2-3 m long) tails of sands and granule/pebble gravels are often
deposited between the two arms of the scoured portion of the channel (Plate 4.6).
Despite the large numbers of trees growing in the beds of the Sandover, Bundey and
Woodforde Rivers, however, there are surprisingly few examples of current crescents.
In contrast, small current shadows are a much more common feature. These typically
consist of a small (0.2-0.5 m high, 3-4 m long), narrow (<1 m wide) ridge of sands and
gravels developed on the downstream side of trees. Over time, these small current
shadows may evolve into the larger ridges and islands characteristic of the multiple
channel reaches of the Bundey and Woodforde Rivers (Section 4.3.2.2-4.3.2.3). The
morphology, stratigraphy and formative processes of current shadows are described in
greater detail in Chapter 5.
There are several other factors inducing localised scour or deposition along the Sandover,
Bundey and Woodforde Rivers. For instance, outcrops of bedrock in the channel beds,
particularly in upland and piedmont zones, are sometimes associated with bed scour,
although the morphology is not as well-defmed as that of the current cresents associated
with in-channel trees. In many other reaches, sinuous flow paths developed on the
falling stages of floodwaters also often result in local scour of the near-planar beds,
sometimes causing one side of the channel to be deeper than the other (see Figs.4.4-4.5).
In addition to the relative paucity of bedforms along the Sandover, Bundey and
Woodforde Rivers, there are also few examples of the larger sediment storage bodies (the
channel forms, unit bars and braid bars of Ashley, 1990) commonly found in sand-bed

channels. For instance, alternate bars (or side bars), widely described in sandy streams
(e.g. Miall, 1992; Patton et aL, 1993) are not found along these rivers. Furthermore,
there are few examples of the longitudinal bars or braid bars described, inter alia, by
Allen (1968), Williams (1971) and Miall (1977). Nevertheless, occasional large (10-50
m wide, 1-2 m high), vegetated, mid-channel islands of sands and minor gravels in wide
sections of the Sandover River have many characteristics in common with longitudinal
bars, as have the in-channel ridges in the multiple channel reaches of the Bundey and
Woodforde Rivers (Chapter 5).

The relative abundance of the various types of bedform and other in-channel sedimentary
features described for the Sandover, Bundey and Woodforde Rivers is typical of many
other rivers on the Northern Plains. The proponderance of plane beds in these channels
complements observations of the subdued bed topography of many other ephemeral
channels worldwide (e.g. Reid and Frostick, 1987; Dunkerley, 1992) but contrasts with
descriptions of ephemeral channels south of the central Australian ranges such as the
Finke, Palmer and Todd Rivers. For instance, in contrast to Williams' (1971) findings,
where 'large-scale ripples' (the 'dunes' of Ashley, 1990) were the most common
bedform covering between 30-40% of the channel beds, dunes cover only a minor
percentage of the channel beds on the Northern Plains. Smaller bedforms such as smallscale ripples - covering 25-30% of the channels in Williams' (1971) study - are also
largely absent from rivers on the Northern Plains. Small ripples of aeolian origin can be
found in many areas of finer sand such as on the tops of the occasional mid-channel
islands of the Sandover River but subaqeous ripples are rarely present. Similarly, finergrained deposits such as clay veneers 'deposited in pools and cut-off distributaries'
(Williams, 1971, p.32) are relatively rare for rivers on the Northern Plains. Despite the
likely high suspended loads carried in floodwaters (Chapter 2) finer-grained deposits are
restricted to occasional mud drapes and mud flakes or curls either at the toe of dune slip
faces or on the flanks of in-channel ridges (Chapter 5).

Differences in the relative abundance of bedforms for channels on the Northern Plains as
compared to channels south of the ranges (Williams, 1971) are related to differences in
the calibre of transported bed material. Rivers south of the ranges drain catchments
consisting predominantly of Mesozoic sandstones and mudstones and dissected Tertiary
latentes and silcretes (Chapter 2), and transport bedloads of mainly fine to coarse sands.
In the great majority of channels studied by Williams (1971), for instance, bed material
coarser than granule grade was scarce. For the rivers on the Northern Plains, which
drain catchments largely composed of deeply weathered crystalline rocks, bed material
loads are typically coarser, consisting of medium to coai-se sands with granule and pebble
gravels (Section 4.7). Bedform existence diagrams (e.g. Ashley, 1990), derived from an

extensive body of experimental flume data, clearly show that ripples do not generally
form in sands coarser than about 0.5 phi (0.7 mm) (e.g. Leeder, 1980, 1982). As flow
is increased over a bed of coarse sand, a lower-stage plane bed forms instead of ripples,
with further increases in flow leading to the development of dunes. By the same token,
lower-stage plane bed only develops if the bed material is coarser than about 0.5 phi (0.7
mm). Hence, for rivers on the Northern Plains where the bulk of the bed material load is
typically coarser than 0.5 phi (0.7 mm), the relatively coarse nature of bed material may
help explain the preponderance of plane beds in the study channels and the general
absence of bedforms such as small-scale ripples. Even in the case of the Sandover
River, where median grain size is typically finer than 0.5 phi (0.7 mm) (Fig.4.9a), a
large proportion of coarse to very coarse sands is still found in the bed material and this
seems sufficient to inhibit the formation of small-scale bedforms such as ripples.
Other researchers, both in Australia and other desert environments, have inferred the
likely flow and sediment transport conditions in ephemeral streams by estimating the
velocity required to transport large clasts (e.g. Dunkerley, 1992), by calculating the flow
depths and velocities under which various bedforms such as ripples and dunes are
created (e.g. Williams, 1969, 1970a, 1971) or by interpreting preserved sedimentary
structures in terms of the hydrodynamics of flow (e.g. Williams, 1971; Picard and High,
1973; Wyrwoll, 1984). For the Sandover, Bundey and Woodforde Rivers, however,
the general absence of pebble/cobble gravels, the limited development or localised
occurrence of bedforms, and the few preserved sedimentary structures means that there is
little potential for reconstruction of the likely flow conditions prevailing during flood
events. Nevertheless, where developed, bedforms are mainly indicative of lower regime
flow (Simons and Richardson, 1962).

For example, while there are sometimes

difficulties in identifying whether deposition of plane bed units occurred under lower or
upper regime flow (Frostick and Reid, 1977; Wyrwoll, 1984), the ubiquitous occurrence
of plane beds throughout the length of the Sandover, Bundey and Woodforde Rivers
suggests that they relate to lower regime flow conditions. In addition, while bedform
existence diagrams (e.g. Ashley, 1990) show that dunes form at slightly higher velocities
and bed shear stresses than lower stage plane beds, they still form under lower regime
flow. Indeed, the numerous examples of solitary dunes with crests oriented oblique or
transverse to the general direction of downstream flow, suggests that they are at least
partially formed or modified by waning and low-stage flow. Similar conclusions were
reached in Williams (1971) study, where lower regime flow prevailed for the majority of
streams with upper regime flow dominant only in the middle reach of the Finke River.

4.9

BANK MATERIAL SEDIMENT

The erosional resistance of the channel boundary is a major determinant of channel and
floodplain form but it depends on a complex relationship between textural properties of
the sediment in channel bed and banks, characteristics of the riparian vegetation and the
nature of the flow regime. Although erosional resistance is not easily measured, the
banks of ephemeral streams are usually considered to be highly erodible due to the
dominance of sandy bank materials and the paucity of restraining vegetation (Slatyer and
Mabbutt, 1964; Mabbutt, 1977; Graf, 1988a).

In the absence of a consistent, quantitative expression for erosional resistance of the
channel boundary, the percentage of silt and clay in the bed and banks is widely used as a
surrogate measure. For the Sandover, Bundey and Woodforde Rivers, there is very little
silt and clay in the channel beds (Section 4.7) and the percent silt-clay in the channel
banks is highly variable, ranging from around 10-80% and averaging around 30-40%.
In contrast to previous descriptions of river channels in central Australia where the
percent silt-clay in the channel bed and banks was shown to increase downstream (e.g.
Sullivan, 1976; Mabbutt, 1977), there is no consistent longitudinal variation in the
percent silt-clay of bank samples from the Sandover, Bundey and Woodforde Rivers.

The percent silt-clay in the bed and banks can be expressed as a weighted mean by the
calculation of the weighted percent silt-clay index (M) (Schümm, 1960a):
M = ((Sc.W) + (Sb.2D)) / (W + 2D)
where M = weighted mean percent silt-clay in bed and bank samples
Sc = % silt-clay in the channel
Sb = % silt-clay in the banks
W = channel width
and

D = channel depth

Hence, M is a parameter expressive of channel perimeter sediment and it can be related to
channel shape (Schümm, 1960a). For 69 stable channels containing less than 40%
gravel in the semi-arid, Great Plains of the United States, Schümm (1960a) related values
of M to channel width-depth ratio (F) and obtained the following relationship:
F = 255M->08
where F = channel shape expressed as a width-depth ratio
and

M = weighted mean percent silt-clay in bed bank and samples

On the strength of this relationship (correlation coefficient of 0.91), Schümm (1960a)
considered that channels with low percentages of silt-clay in the bed and banks tend to be
relatively wide and shallow, whereas those with high percentages are relatively narrow
and deep. Originally, this was interpreted as indicating that narrow and deep channels
have more cohesive banks. In a series of subsequent papers (Schümm, 1960b, 1961b,
c, 1963a, b, 1968, 1969, 1971a, b), however, the relationship of stream channel shape
to perimeter sediment was developed further, by using M as an index of the character of
sediment load and by relating M to other moiphometric and hydraulic parameters.

Despite Schümm's apparent success in the application of the F-M relationship, it has
been widely criticised on both theoretical/methodological (Melton, 1961; Miller and
Onesti, 1979) and empirical (Thornes, 1970; Hugo and Hattingh, 1971; Riley, 1975c;
Baker, 1978; Pickup, 1974, 1976a, 1984; Pickup and Warner, 1984) grounds.

In

particular, attempts to apply the F-M relation to channels in Australia have generally met
with little success. Although Schümm (1968) himself obtained a highly significant
relationship between weighted percent silt-clay and width-depth ratios for streams in
southeastern Australia, several researchers (Riley, 1975c; Pickup, 1974, 1976a) have
found the relation to have little applicability especially where the channel bed and banks
are cohesive and the bedload charge is small.

Despite the varied success in the

application of the F-M relationship, however, Schumm's (1960a, b, 1961b, c, 1963a, b)
findings continue to be widely cited as an example of the general relationships between
channel shape, perimeter sediments and the nature of the sediment load (e.g. Mabbutt,
1977; Leeder, 1982; Richards, 1982; Knighton, 1984; Erskine and Melville, 1983a;
Schumann, 1989; Reid and Frostick, 1989; Rutherfurd, 1994).

In view of the contrasting findings as to the applicability of the F-M relation to rivers in
Australia, values of the weighted percent silt-clay index (M) and width-depth ratio (F)
were determined for surveyed sections from the SandoVer, Bundey and Woodforde
Rivers. Along these rivers, bank materials were largely homogeneous and thus the bank
silt-clay percentage is an average of two bank samples and one bed sample. Samples
were taken from a number of surveyed sections in the upland, piedmont, lowland and
floodout zones. In the multiple channel reaches of the Bundey and Woodforde Rivers,
bank samples for individual channels were taken from the dividing ridges and islands.

Figure 4.11 illustrates the relation between F and M for the Sandover, Bundey and
Woodforde Rivers. For all three drainage systems, the points cluster without regard to
distance downvalley but show a significant relationship between F and M with
correlation coefficients of 0.888 or higher. The data do not correspond to the relation
between F and M estabUshed by Schümm (1960a), however, but instead the majority of
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points lie below the line
(Fig.4.11). This tendency is particularly evident
for the data from the Bundey and Woodforde Rivers. Nevertheless, for all three rivers,
the regression lines roughly parallel that of Schümm (1960a). This suggests that widthdepth ratios for the majority of channels are lower than might be expected if all channels
adjusted in line with the F-M relation established by Schümm. Recalculation of the
width-depth ratio using maximum depths (cf. Schümm, 1960a) revealed little difference
in the nature or strength of the relationship between F and M. For all three rivers, the
1 08
channels still have lower width-depth ratios than suggested by the relation F=255M" ' .
Schümm (1960b, 1961b) suggested that the F=255M'' ^^ relation might be used as a
criterion of channel stability: in other words, higher than average channel width-depth
ratios might indicate aggradational instability, whereas lower than average ratios might
suggest that the channels are degrading. This is clearly not the case for the Sandover,
Bundey and Woodforde Rivers, however, which despite plotting below Schümm's
(1960a) line cannot be considered to be degrading. Field observations suggest that all
three rivers are reasonably well-adjusted to the prevailing flow and sediment regime.
Explanations for the lower than expected width-depth ratios of the Sandover, Bundey
and Woodforde Rivers are most likely related to channel morphology and to the
vegetative contribution to boundary resistance. For the Bundey and Woodforde Rivers,
the development of multiple channel patterns accounts for some of the low width-depth
ratios: in other words, width-depth ratios for individual channels within the broader
channel trains are lower than for a single-thread channel of the same overall capacity.
Even in single-thread reaches of the Bundey and Woodforde Rivers, however, and in the
relatively wide and shallow, single-thread Sandover River, width-depth ratios are lower
than expected. In these instances, the bankline vegetation seems to be a key factor.
Along all three rivers, large river red gums (E. camaldiilensis) preferentially locate along
the banks and beds and serve to stabilise the channels (Plates 4.1-4.4). As these
channels are commonly dry, the trees often establish well down the banks, particularly
along smaller channels such as the Woodforde River where banks rarely exceed 1.5 m in
height. This growth habit protects many channel banks from basal scour and
undermining and thus acts to restrict the degree of channel width adjustment. As a
consequence, width-depth ratios remain relatively low.
Many other riparian species throughout the Australian arid and semi-arid zone adopt
similar growth habits to river red gums and thus offer considerable protection to channel
banks. This contrasts with many rivers in many other arid and semi-arid environments
where there is a general paucity of vegetation. In particular, Schümm's (1960a)
relationship between width-depth ratio and perimeter sediment was largely derived for

sand-bed streams with grassed or poorly vegetated banks which typically allow extensive
channel widening. Hence, Schümm's analysis mainly considered only the character of
the perimeter sediments and did not take full account of the vegetative contribution to
boundary resistance. For many channels in arid and semi-arid Australia, bank stability
and channel shape adjustment is partly due to the percent silt-clay content in the bed and
banks but it has to be considered alongside the vegetative contribution to boundary
resistance. Similarly, in many other fluvial environments, vegetation has also been
shown to have a very important influence on bank stability (e.g. Smith, 1976; Baker,
1978; Hickin, 1984; Thome, 1990).
The high degree of correlation between F and M for the channels of the Sandover,
Bundey and Woodforde Rivers is in contrast to other rivers in more humid parts of
AustraUa (Riley, 1975c; Pickup, 1974, 1976a). Riley (1975c) considered that the critical
aspect of the F-M relation is that streams must be in a live-bed condition; that is,
transporting bedload. For the Namoi-Gwydir system of eastern Australia, streams with
cohesive clay beds did not conform to the relation whereas those with non-cohesive bed
material lay close to Schümm's regression line. Riley (1975c) concluded that streams
with non-cohesive beds conform to the relation probably because non-cohesive bed
sediments facilitate the undermining of cohesive banks and the corrasion of their beds.
For the Sandover, Bundey and Woodforde Rivers, however, although channels appear
to adjust some way towards Schümm's relation, the degree of width adjustment is
generally restricted by the protection offered to stream banks by riparian vegetation and,
as a result, channel width-depth ratios remain relatively low.

4.10

COMPARISONS WITH PREVIOUS STUDIES OF DOWNSTREAM
CHANGE

A large number of studies have referred to downstream changes in morphometric,
hydraulic and sedimentary parameters in ephemeral river channels (e.g. Leopold and
Miller, 1956; Schümm, 1961b; Sullivan, 1976; Thornes, 1976a, b, 1977; Mabbutt, 1977;
McCarthy et ai, 1991; Dunkerley, 1992). It is difficult to compare the results of these
studies with the findings from the Sandover, Bundey and Woodforde Rivers, however,
because of the different purposes of investigation, different investigative designs and
sometimes unspecified catchment or channel characteristics, such as the nature of bank
vegetation. Most previous studies have tended to concentrate either on short reaches or
small rivers in relatively steep drainage basins (e.g. Schümm, 1961b; Thornes, 1976a, b,
1977) and the downstream changes along larger rivers have received relatively little
attention. Riley's (1977) investigation of the mud-dominated, inland distributary systems
of eastern New South Wales is one of the few published studies to look at downstream

trends along low-gradient, semi-arid or arid rivers that are comparable in size to the
Sandover, Bundey and Woodforde Rivers, but these findings were based on a relatively
limited number of samples randomly selected from different points in the channel
networks. This contrasts with the investigative design employed in the present study
where the findings are drawn from a larger number of reaches approximately evenly
spaced downstream (Section 4.2).
These problems aside, downstream change in channel width is one of the trends that is
most readily compared.

Previous studies have reported three different trends in

downsteam width changes for ephemeral channels (Chapter 1, Fig. 1.7): first, channel
width initially increases rapidly downstream and then remains approximately constant
(e.g. Wolman and Gerson, 1978); second, channel width oscillates downstream
(Thornes, 1976a, 1977); and third, channel width decreases downstream (e.g. McCarthy
etaL, 1991; Dunkerley, 1992). Although there is less information regarding downstream
variations in channel depth or capacity (usually due to greater difficulties of consistent
definition and measurement) similar trends may also apply to these parameters.
The downstream changes in the widths of the Sandover, Bundey and Woodforde Rivers
(Fig.4.12) provide an interesting comparison with these previously reported trends. On
all three rivers, channel width increases through the upland and piedmont zones but there
are large differences in the patterns and rates of width change through the lowland and
floodout zones. On the small Woodforde River, for instance, although the difficulties in
defining width in the multiple channel reaches (Appendix 3) precludes quantitative
analysis, the decrease in channel width through the lowland and floodout zone is fairly
regular (Fig.4.12a) and is associated with a linear decline in channel capacity (Fig.4.8).
On the larger Sandover and Sandover-Bundey Rivers, however, the downstream changes
in channel width are more irregular. On the Sandover-Bundey, the pattern is complicated
by multiple channel reaches but width generally decreases towards the floodout zone
(Fig.4.12c), as it does on the Sandover (Fig.4.12b). On both rivers, however, there are
initial abrupt increases in channel width in the transition from the lowland to the floodout
zone (Fig.4.12b, c), which are associated with similarly marked increases in channel
capacity (Figs.4.6a, b). These increases in channel width are followed by marked
fluctuations in width superimposed on an overall downstream decrease (Fig.4.12b, c).
Pronounced channel narrowing occurs in several short (<1 km long) reaches, followed
by slower but often pronounced increases in channel width. In several reaches, the
channel narrowing is associated with local steepening of the channel bed slope, bed scour
and a consequent increase in channel depth (Section 4.3.1).

On both rivers, the

narrowing takes place in the absence of any flow constrictions induced by bedrock
outcrops or other topographic features. Furthermore, a comparison of aerial photographs
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taken in the late 1940s/early 1950s with those of the 1980s shows that although there has
been some recent bank erosion, the location of many of the alternately narrow and wider
reaches have remained essentially unchanged, which suggests that they are relatively
stable features of the channel.
In many respects, the alternately narrow and wide sections of channel in the floodout
zones of the Sandover and Sandover-Bundey Rivers resemble the quasi-periodic
oscillations in channel width reported from very small ephemeral channels in Spain
(Thornes, 1974, 1976a, b, 1977, 1980). In the Spanish channels, the oscillations are
superimposed on an overall downstream increase in width and occur both in the
boundaries of the alluvial valley fill and the width of low-flow channels inset within this
broader channel (Thornes, 1976a, b). In both instances, a progressive downstream
increase in width, usually involving deposition, is succeeded by a sudden narrowing,
sometimes accompanied by a slight increase in slope. The sequence is then repeated in
the next reach downstream. In small channels, the magnitude of the oscillations increases
rapidly, sometimes exponentially, but in larger channels the oscillations tend to maintain a
fairly constant amplitude. Thornes (1976a, b, 1977) attributes the oscillations in width to
the spatially and temporally variable patterns of scour and deposition that occur in
response both to individual large floods and to smaller, low-flow events.

Similar oscillations in channel widths have also been observed on proglacial outwash
rivers or other rivers draining areas of very high erosion, such as in Nepal and Iceland
(Thornes, 1976b; 1980), as well as on the Todd River in the Alice Springs region
(Bourke, in prep.). Thornes (1976a) likens the alternately wider and narrower sections to
a series of beads on a string, an analogy adopted in the use of the term 'beaded channels'
(M. Bourke, pers. comm.).

From the few examples described to date, marked

fluctuations or quasi-periodic oscillations in channel width appear to be particularly
characteristic of rivers with very high sediment loads relative to the capacity for onward
transport and which are subject to inherently unsteady and non-uniform conditions of
flow and sediment transport.

Thornes (1974, 1977, 1980) has commented on the

potential use of non-linear dynamics in modelling the response of channel width to
variations in discharge and sediment yield. On the Todd River, fluctuations in channel
width also appear to be related to spatial variations in the erodibility of channel boundary
material (Bourke, in prep.). In broad terms, similar explanations may also apply to the
changes in width evident in the distal reaches of the Sandover and Sandover-Bundey
Rivers. In particular, both rivers are subject to declining flows and high sediment loads
relative to the capacity for onward transport. Clearly, however, possible links between
spatial and temporal variations in sediment transport and channel width can remain only
tentative at this stage.

It is also interesting to speculate on the downstream trends in width shown by relatively
large and relatively small channels in the Alice Springs region. For instance, the regular
downstream changes in width characteristic of many small channels such as the
Woodforde River contrasts with the irregular or oscillating downstream changes in width
characteristic of many larger channels, such as the Sandover, Sandover-Bundey, and
Todd Rivers. These contrasts occur despite similar conditions of declining flows and
high sediment loads relative to the capacity for onward transport among the channels of
the region.
A possible explanation for these contrasts may lie in the relative influence of vegetation on
bank stability for channels of different size. The relation between the percent silt-clay in
the channel bed and banks and the width-depth ratios of the Sandover, Bundey and
Woodforde Rivers has already pointed to the possible role of bankline vegetation in
restricting adjustments of channel width at-a-section (Section 4.9). In addition, local
bank resistance to lateral erosion induced by the stabilising effect of trees may also help to
explain why many small channels in the Alice Springs region do not widen downstream
in the manner typical of many poorly-vegetated channels in other arid and semi-arid
regions (e.g. Wolman and Gerson, 1978). By contributing to bank stability, the wellvegetated banklines typical of many small channels generally restrict the degree of lateral
erosion resulting from rare, large flood events thus preserving the linear (or logarithmic)
downstream decreases in width developed in response to smaller, more frequent
'channel-forming' discharges.
Once channels exceed a certain size, however, vegetation may be less important as a
control on channel width, thus creating the potential for more irregular downstream
changes in width, such as on the larger Sandover and Sandover-Bundey Rivers. Work in
very small catchments in more humid environments (e.g. Zimmerman et ciL, 1967;
Ebisimiju, 1994) suggests that the vegetative influence on channel form is determined by
factors such as the size of trees relative to stream size or by the extent to which greater
discharges in larger channels counteract or eliminate most of the vegetative influence. In
the case of the Sandover and Sandover-Bundey Rivers, any decrease in the influence of
vegetation on channel does not appear to be related to a higher capacity for bank erosion
as compared to smaller channels, for unit stream powers are generally much lower than
along the Woodforde River due to the lower gradients. Instead, it is more likely that
decreased vegetative influence on these channels is related to greater bank heights relative
to the size of bankline trees. Although river red gums often grow far down the channel
banks, in many reaches of the of the Sandover and Sandover-Bundey Rivers the banks
sometimes exceed 2.5 m in height, which means that there is less protection against basal

scour and undermining and consequent ctiannel widening. In other words, tlie height of
riverbanks may be directly related to their erodibilty. Indeed, in many of the widest
reaches, banklines are usually less vegetated, although in these instances it is difficult to
establish the direction of cause and effect. Clearly, evaluation of the effect of vegetation
on bank stability and erosion is difficult since quantification of vegetation presents
problems (e.g. Hickin, 1984; Thome, 1990). If these assertions are correct, however,
on large channels such as the Sandover, Sandover-Bundey and Todd Rivers, the reduced
influence of vegetation on bankline stability may be a contributory factor to the greater
variability in channel width. Instead of regular downstream decreases, channel widths
may show marked fluctuations or tend towards quasi-periodic oscillations as shown, for
example, by poorly-vegetated Spanish channels (Thornes, 1976a, b, 1977).

4.11

CONCLUSION

The comparison of three adjacent drainage systems on the Northern Plains of the Alice
Springs region has revealed remarkable variations in channel morphology, hydraulics
and sedimentary characteristics. In the catchment of the lai'ge Sandover River, channels
are largely single-thread and mainly transport bedloads of medium to coarse sands. In
contrast, in the catchments of the large Bundey River and the smaller Woodforde River,
many reaches are characterised by an unusual pattern of multiple channels separated by
vegetated ridges or larger islands, and channels mainly transport bedloads of coarse
sands and granules.
Despite differences in morphological and sedimentary characteristics, however, all three
rivers show similarities in the broad patterns of downstream change. In the upland,
piedmont and lowland zones, channels are largely confined by bedrock. Tertiary
weathering profiles, alluvial ten-aces or aeolian sands. Channels are generally laterally
stable and of low sinuosity, banklines are well-defined and well-vegetated and splay
and distributary channels are uncommon.

In the transition to the floodout zones,

confining landforms largely disappear and the channels are flanked by broad, low-relief
alluvial plains. Channels ai'e more laterally unstable and splay and distributaiy channels
are commonly developed. In the transition to the floodout, channelised flow and
bedload transport ceases and floodwaters spill across broad, low-gradient alluvial
surfaces.
In detail, however, patterns and rates of downstream change in parameters such as
channel capacity, bankfull discharge, and bed material calibre vary between the three
rivers depending on local catchment characteristics such as the pattern of tributary
draina<^e. Once beyond the limit of tributary inflows, however, on all three rivers there

is an overall downstream decrease in channel capacity and in the magnitude and frequency
of flood flows. The lack of gravels and the relative rarity of sedimentary bedforms along
the Sandover, Bundey and Woodforde Rivers means that there are few opportunities for
reconstruction of the likely velocities prevailing during flood events. On the small
Woodforde River, the pattern of downstream decrease in channel capacity and estimated
bankfull discharge is approximated by a linear trend. On the larger Sandover and Bundey
Rivers, however, the downstream changes are more irregular, particularly through the
floodout zone where there are marked fluctuations in channel widths, depths and bed
slopes which result in local maxima of stream power.

Contrasts in the patterns of

downstream channel change shown by relatively small and larger drainage systems in the
Alice Springs region may be related to the different influence of bankline vegetation as a
controlling factor on channel morphology.

Overall, the description of the downstream changes shown by the Sandover, Bundey and
W o o d f o r d e Rivers provides a useful comparison with previous studies of the
characteristics and behaviour of ephemeral desert channels. In particular, it illustrates the
importance of approaching the study of the fluvial environment in central Australia using
concepts, empirical relationships and terms additional to those defined by the numerous
studies of ephemeral streams in the American southwest. Many features characteristic of
drainage systems in central Australia, such as the common occurrence of multiple channel
patterns and the downvalley disappearance of channelised flow, provide stark contrast
with ephemeral rivers in many other desert environments, yet they have received very
little attention in the literature. Subsequent chapters focus on some of the more unusual
aspects of fluvial form and process in the catchments of the Sandover, Bundey and
Woodforde Rivers, such as multiple channels (Chapter 5), floodouts (Chapter 6) and
floodplains (Chapter 7).

CHAPTER 5
ANABRANCHING CHANNEL PATTERNS

5.1

INTRODUCTION

River pattern is a term which describes the planform geometry and implies the processes
operating within a reach of a river (Nanson and Knighton, 1996). It represents one of the
means whereby an alluvial channel can adjust its morphology to the prevailing flow and
sediment conditions.

Although river patterns show a continuous variation of form,

following the classic work of Leopold and Wolman (1957), they have traditionally been
classified into three categories of straight, meandering and braided.

More recent

classifications, however, have included anabranching and anastomosing as recognisable
patterns (e.g. Mollard, 1973; Rust, 1978; Brice, 1984; Schümm, 1981, 1985; Knighton
and Nanson, 1993; Nanson and Knighton, 1996). A central theme in many of these
classifications is that natural river patterns form a continuum controlled by interactions
among a set of continuously varying factors, such as discharge, slope, bank strength and
sediment load.

Along this continuum of river pattern, many authors (e.g. Slatyer and Mabbutt, 1964;
Mabbutt, 1977; Graf, 1988a) consider braided channels to be particularly characteristic of
ephemeral drainage as a response to the common catchment conditions of abundant coarse
bedloads, highly variable discharges, and readily erodible banks.

Although these

conditions also apply to many catchments in the Alice Springs region of central AustraUa,
in the case of the Sandover, Bundey and Woodforde Rivers, reaches that conform to
traditional descriptions of braided channels are relatively rare. Rivers tend to be either
relatively low sinuosity, single-thread channels or consist of multiple channels that occur
within a broader, sometimes meandering, channel-train. Multiple channel pattems occur
both in the piedmont and lowland zones of the Bundey and Woodforde Rivers and are
also characteristic of many other drainage systems on the Northern Plains. Preliminary
descriptions of the multiple channel reaches (Chapter 4) have demonstrated that they
display a number of unusual morphological, hydraulic and

sedimentological

characteristics, such that they are difficult to reconcile with traditional classifications of
river patterns.
In view of the widespread distribution of these unusual channel types, this chapter
provides a more comprehensive description of their morphology and sedimentology than
could be attempted in the introductory context of Chapter 4.

A summary of the

morphological, hydraulic and sedimentological characteristics of the multiple channel
reaches is provided (Section 5.2) before the implications for classifications of river
pattern are considered (Section 5.3). Consideration is given to the spatial distribution of
the multiple channel reaches (Section 5.4), before attention is focused on the
sedimentology and formative processes of the dividing ridges and islands (Sections 5.55.7). Finally, streamwise patterns of velocity and bed shear stress are considered in an
attempt to illustrate the significance of the multiple channels for hydraulic and sedimentary
processes (Section 5.8).

5.2

SUMMARY DESCRIPTION OF MULTIPLE CHANNEL REACHES

Schematic illustrations of the typical characteristics of the multiple channel reaches are
presented in Figure 5.1. The term channel-train applies to the entire complex of channels
in the cross-section (Fig.5.1). The channel-train is typically relatively straight although it
sometimes displays a series of low-amplitude meanders. The margins of the channel-train
are laterally stable and are typically formed by older, indurated alluvial terraces, often in
association with substantial source-bordering dunefields or aeolian sandplain.

The number of channels that occur within the broader channel-train (Fig.5.1) varies from
reach to reach. In the piedmont zone, there are typically between 2 and 4 channels but in
the lowland zone there can be up to 15 channels. Channels are separated either by inchannel ridges, which are relatively narrow in relation to their length (length to width ratio
>10) or by islands, which are relatively broad in relation to their length (length to width
ratio <10) (Fig.5.1). The shape of ridges and islands vary widely in planview but are
typically elongate (width remains roughly constant along their length) or tear-shaped
(broader at their upstream end and tapering downstream) with long-axes aligned parallel
to the direction of flow (Fig.5.1). Ridges and islands are generally steep sided (bank
angles >40°) and are composed of sands and muds with colonising vegetation consisting
of trees (principally E. camaldulensis),

shrubs and grasses. While the tops of the islands

generally approximate the level of bankfull of the channel-train, ridges occur at a wide
range of elevations up to bankfull. Islands can persist for up to several kilometres
downstream but ridges generally persist for only a few hundred metres and in many
instances are far shorter. Hence, the individual channels follow roughly parallel courses
for varying distances. Where the ridges have been breached, flow and sediment transport
is often diverted from one channel to another.

The individual channels vary widely in morphology, both within a given reach and
between different reaches. Width-depth ratios vary between 10 and 200 and bankfull
capacities from 1 to 200 i n .

Many of the wider or larger channels (such as those
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Figure 5.1 Schematic illustrations of the typical characteristics of multiple channel reaches.
Individual channels within the channel-train are separated either by narrow, in-channel ridges or by broader
islands. Definition of the individual channels is partly stage-dependent for many of the ridges or islands
which separate the channels at low flows may be drowned during higher flows. Unless otherwise stated,
channels are defined according to the conditions at the time of field survey (i.e. no flow).

possessing a width-depth ratio of >50 or exceeding 60 m^ in capacity) typically possess a
number of small, poorly developed in-channel ridges. In reaches where multiple channels
are well-developed, however, such as along the Woodforde River, width-depth ratios of
channels generally fall in the range of 20 to 40 and bankfull capacities are less variable. In
many of the channels, bedrock outcrops and the growth of E. camaldulensis are conmion
features. Bed elevations and bed slopes of adjacent channels often vary widely such that
where channels of different elevation merge at the downstream end of a dividing ridge or
island, bars of sand and gravels with avalanche faces up to 2 m high often occur.
Hydraulic calculations for the multiple channel reaches are difficult because of the variable
elevation of the ridges and islands and the uncertain values of roughness (Chapter 4;
Appendix 3). For instance, as a result of the variable morphology of channels, unit
stream powers vary widely but typically range between 5 and 30 w W .
Multiple channel patterns usually occur over reaches several tens of kilometres in length
before the channels become less well-defined and the channel-train reverts to a largely
single-thread pattern. Alternation from a multiple channel pattern to a single-thread
channel occurs at several points through the piedmont and lowland zones of the Bundey
River and in the transition from the lowland to the floodout zone of the Woodforde River
(Chapter 4). A comparison of 1950s aerial photographs with those taken in the 1980s
shows that there has been essentially little change in the overall pattern of multiple
channels between these dates despite the passage of a recent series of large floods.
Changes have probably occurred to individual channels or the intervening ridges or
islands but at a scale finer than can be detected on aerial photographs. As a whole,
therefore, the multiple channel pattems appear to be relatively stable.
5.3

IMPLICATIONS FOR RIVER PATTERN CLASSIFICATION

There are numerous terms for rivers that possess multiple channels including braided
(Richards, 1982; Graf, 1988a), anastomosed (Mollard, 1973; Rust, 1978; Smith and
Smith, 1980; Knighton and Nanson, 1993), anabranched (Schümm, 1981, 1985; Brice,
1984; Nanson and Knighton, 1996), distributary (Riley, 1975b; Bull, 1977), reticulate
(Dury, 1969) and compound (Graf, 1988a). However, the multiple channel reaches of
the Bundey and Woodforde Rivers do not readily correspond to existing definitions and
descriptions of these types of river pattem. In particular, the occurrence of well-defined,
sometimes meandering, channel-trains which are divided into distinctive channels by wellvegetated, in-channel ridges and islands is hard to accommodate within traditional
descriptions of multiple river pattems.

Multiple channel patterns similar to those of the Bundey and Woodforde Rivers are
widespread on the Northern Plains of central Australia but, surprisingly, there has been
little mention of the unusual characteristics of these channels in the literature. Only
Thompson (1991, p.56) appears to have recognised the unusual features of these channel
types, briefly mentioning that where rivers cross the plains 'the course often meanders
within a broad channel with a maze of subchannels'. Other authors (e.g. Mabbutt, 1962,
1967, 1977, 1986; Stidolph et al, 1988; Pickup, 1991) generally refer only to 'braided'
rivers in their commentaries on the fluvial geomorphology of the area and, indeed, the
Woodforde River has even been cited as 'a good example' of a braided river (Evans,
1972, p.5). However, while braided rivers are characterised by flow which is separated
by bars within the channel, these bars are generally poorly vegetated, and diamond-,
rhomboid- or lozenge-shaped.

These characteristics provide stark contrast with the

multiple channel reaches of the Bundey and Woodforde Rivers where the ridges and
islands are well-vegetated, and very elongate or tear-shaped. In addition, while braid bars
are usually submerged at bankfull and are frequently reworked, the ridges and islands are
often elevated to the level of bankfull and are relatively stable. Hence, these rivers cannot
be accurately termed 'braided'. Nevertiieless, where in-channel ridges are not well
developed (such as in the piedmont reaches of the Woodforde River) channels sometimes
appear closer to braiding with broad, low-elevation, mid-channel bars dividing the
channel, but such reaches are relatively uncommon.

Similar multiple channel patterns to those in the Alice Springs region have also been
observed in the Kimberley region of Western Australia where they are presently the
subject of investigation (Wende, in prep.). In this tropical monsoonal region, steepsided, sandy ridges occur in relatively low-gradient reaches within broader channels
incised into bedrock or flanked by indurated alluvium. The ridges are well-vegetated
(principally by Melaleuca leucaclendron) and divide the broader channels into multiple
channels with width-depth ratios typically in the range of 5 to 15.

In a recent

classification of anabranching rivers, Nanson and Knighton (1996) include the central
Australian and Kimberley examples in their 'sand dominated, ridge forming' (Type 4)
category.

They suggest that the distinguishing characteristics of this style of

anabranching are the stable, narrow, steep-sided, vegetated, sandy ridges that divide the
channel train into a series of relatively straight or gently curving, subparallel, narrow and
deep channels.
In line with Nanson and Knighton (1996), the multiple channel reaches of the Bundey
and Woodforde Rivers are probably best considered as anabranching.

However, in

addition to exhibiting characteristics of the 'sand dominated, ridge forming' (Type 4)
anabranches, some reaches also display other forms of anabranching. For instance, the

25 km reach of the Bundey River downstream of the confluence of the upper Bundey
River, Frazer and Alkara Creeks (Chapter 4, Fig.4.4b, 114 km downstream) is
characterised by a broad belt of channels flowing in a south-north direction. There are
between three to five major channels up to 350 m in width which are separated by large
islands up to several kilometres long. On this basis, the pattern more closely corresponds
to Nanson and Knighton's (1996) 'sand dominated, island forming' (Type 2) category of
anabranching rivers.

The only Type 2 anabranching river studied to date is Magela Creek, northern Australia,
where channels are separated by wide, well-vegetated islands and follow subparallel
courses with intermittent relatively wide and sometimes braided reaches. Although it has
some similarities with Magela Creek, however, on the Bundey River there are also
numerous smaller, often poorly defined channels separated by in-channel ridges or
smaller islands. These occur both within and adjacent to many of the major channels
(Chapter 4, Fig.4.4b, 114 km downstream). Hence, the major channels are themselves
characterised by the 'sand dominated, ridge forming' (Type 4) style of anabranching.
Overall, therefore, this reach of the Bundey River clearly displays two co-existing styles
of anabranching.

The co-existence of two styles of anabranching (Types 2 and 4 of Nanson and Knighton,
1996) is also present to a lesser degree in the piedmont zone of the Bundey River, where
in-channel ridges sometimes occur within larger channels separated by wide islands. In
addition, many reaches of the Marshall River display characteristics veiy similar to those
of the Bundey. The co-existence of two distinct styles of anabranching has not been
recognised before and thus introduces further complications in attempts to classify river
patterns. In Nanson and Knighton's (1996) classification of anabranching channels, the
eight types and sub-types identified are separated on the basis of stream power and
distinctive morphologic characteristics such as planform and island shape. On most
morphological criteria, they suggest that the Type 2 anabranching rivers are similar to the
Type 4 rivers for both are strongly dominated by sand deposition along ephemeral
streams where riparian vegetation is crucial for stabilising banklines. The two types
differ, however, in terms of the characteristic unit stream powers.

On the basis of

preliminary data, they suggested that the apparently higher stream powers (15-35 W/m")
of the Type 4 rivers differentiates them from the lower energy (4-8 W/m") Type 2 rivers
and that the higher stream powers in the Type 4 rivers results in the formation of
streamlined ridges rather than islands (Nanson and Knighton, 1996).

The co-existence of two styles of anabranching in some reaches of rivers in the Alice
Springs region, however, reveals the difficulty of trying to separate different

anabranching rivers on the basis of the relatively few examples studied to date. For
instance, the relatively low stream powers of the Type 2 rivers is based solely on data
from Magela Creek. Data from the Bundey River, however, suggests that this style of
anabranching can occur with unit stream powers higher than previously acknowledged,
with values in individual channels sometimes much higher than 8 W/m". Similarly, for
the Type 4 reaches of the Bundey and Woodforde Rivers, unit stream powers are often
much lower (<15 W/m") than acknowledged by Nanson and Knighton (1996) (Appendix
4).
While Nanson and Knighton (1996) recognise the possibility of some overlap in the
characteristic stream powers of the different styles of anabranching channel (including
limited overlap between the Type 2 and Type 4 channels), they also argue that
morphological differences mean that they can be separated into eight reasonably
distinctive types and sub-types. While this is broadly true, the findings of the present
study reveal that on the basis of criteria such as stream power, there may be even greater
overlap in certain categories (such as between Type 2 and Type 4) than initially
anticipated. Anabranching channels, which form just one part of the broader continuum
of channel patterns, also display a continuous variation of form and process. As the
knowledge of anabranching channels expands, the preliminary classification of Nanson
and Knighton (1996) will undoubtedly be further modified.

5.4

SPATIAL DISTRIBUTION OF ANABRANCHING REACHES

Description of the multiple channel reaches of the Bundey and Woodforde Rivers shows
that channels on the Northern Plains exhibit two styles of anabranching, either singly or
in combination. The first is the 'sand dominated, island forming' (Type 2) style of
anabranching of Nanson and Knighton (1996). For ease of discussion, this is informally
referred to here as the 'island' form of anabranching. The second is the 'sand dominated,
ridge forming' (Type 4) style of anabranching which is referred to here as the 'ridge'
form of anabranching. The terms 'ridge', 'alluvial ridge' and 'floodplain ridge' have
been used in numerous contexts in the fluvial literature (e.g. Nanson, 1980; Leeder,
1982; Allen, 1985; Smith et aL, 1989; Brizga and Finlayson, 1990; Werner, 1993;
Brierley, 1991) but they are different to the in-channel ridges described here.

The anabranching channel patterns of the Bundey and Woodforde Rivers provide stark
contrast with the single-thread Sandover River. Similar contrasts in the channel patterns
of neighbouring rivers are found elsewhere on the Northern Plains: for instance,
anabranching is characteristic of many reaches of the Marshall River whereas the adjacent
Plenty River is largely single-thread (or braided). These contrasting channel patterns are

not related to differences in channel gradients for bed slopes along all these rivers are veiy
similar, typically declining from around 0.002 in the piedmont to around 0.001 or less
across the plains (Chapter 4, Fig.4.2). The calibre of transported bed material, however,
varies widely (Chapter 4, Fig.4.9; Fig.5.2).

For anabranching rivers (such as the

Bundey, Woodforde and Marshall Rivers), bed material consists of coarse sands to
granules with M j (median grain size) typically in the range 1 to -1 phi (0.50 to 2.00 mm)
(Fig.5.2). For single-thread or braided rivers (such as the Sandover and Plenty Rivers),
bed material is finer and consists of medium to coarse sands with M j typically in the range
2 to 0 phi (0.25 to 1.00 mm) (Fig.5.2). Hence, this difference in bed material calibre
appears to be a factor contributing to the contrast in channel pattems.

Anabranching can also be related to patterns of tributary drainage, for both the Bundey
and Marshall Rivers alternate from single-thread to anabranching along their length in
response to tributary inflows. This is clearly demonstrated by the following three
examples from the Bundey (Sandover-Bundey) River (Plates 5.1a-c).

First, in the

piedmont reaches, where the initially single-thread Bundey (location A) is joined by
numerous, small tributaries the channel adopts an anabranching pattern in response, with
both the 'island' and 'ridge' forms represented (Plate 5.1a - locations B, D; for an
example of the channel morphology in a similar reach, see Chapter 4, Fig.4.4b - crosssection surveyed 70.5 km downstream). In the reaches where few tributaries join the
Bundey, it reverts to a single-thread channel (Plate 5.1a - location C; Fig.4.4b - 91 km
downstream). Second, where the mainly single-thread channels of the Bundey River and
Frazer and Alkara Creeks converge at a break in the Dulcie Ranges, the Bundey River
downstream of this point is characterised by extensive anabranching both of the 'island'
and 'ridge' form (Plate 5.1b). Anabranching is maintained for a considerable distance
downstream but in the absence of further major tributary junctions, the number of
channels decreases and eventually the Bundey reverts to a single-thread channel (Fig.4.4b
- 114, 145 and 189 km downstream). Third, below the junction with the Sandover River
and Arganara, Centre and Bullock Creeks, the 'ridge' form of anabranching develops
(Plate 5.1c - locations A, B, C; Fig.4.4b - 205.5 km downstream). Further downstream,
the Sandover-Bundey gradually reverts to a single-thread channel once more (Fig.4.4b 237 km downstream).

Where Ooratippra Creek joins the channel, however,

anabranching ('ridge' form) again develops for a short distance (Fig.4.4b - 261.5 km
downstream) before the channel returns to a single-thread form in the transition to the
floodout zone. The relationship between tributary inflows and anabranching in this
section of the lowland zone is also illustrated in Figure 5.3 where the number of channels
can be seen to increase below the tributary junctions.

100

Bundey, Woodforde
and Marshall Rivers
(anabranching)
Sandover and
Plenty Rivers
(single-thread
or braiding)

4 3.5 3 2.5 2 1.5 1 0.5 0 -0.5 -1 -1.5 >-2
Grain Size (phi)

Figure 5.2 Grain size curves for bed material from rivers on the Northern Plains of the Alice Springs
region. Each curve is the average of three samples.

Plates 5.1a-c (overleaf) Examples of anabranching in association with patterns of tributary drainage:
a.) Bundey River in the piedmont zone, showing the alternation between a single-thread channel
(locations A, C) and anabranching channels (locations B, D) in response to tributary inflows.

Flow

direction is from bottom left to top right. In the anabranching reaches, channels are mainly separated by
islands but small in-channel ridges are also present (Type 2 and Type 4 anabranching, sensu Nanson and
Knighton, 1996).

(Alcoota. SF53-10. 1983. CAG 2689. Run 4. 968.

Reproduced by permission of the General Manager.

Australian Surveying and Land Information Group. Department of Administrative Services. Canberra. ACT);

b.) Bundey River at the start of the lowland zone, showing anabranching downstream of its junction
with Frazer Creek and Alkara Creek. Flow direction is towards the north. Between three and five major
channels up to 350 m wide are separated by large islands several kilometres long, but smaller channels
separated by in-channel ridges are also developed within and adjacent to these major channels (Type 2 and
Type 4 anabranching, sensu Nanson and Knighton, 1996).

(Huckitta. SF53-11, 1970. C A G 4 0 9 6 . Run 3. 0080.

Reproduced by permission of the General Manager. Australian Surveying and Land Information Group. Department of
Administrative Services. Canberra, ACT);

c.) Sandover-Bundey River in the lowland zone, showing the 'ridge' form of anabranching developed in
response to tributary inflows. Flow direction is from left to right. In-channel ridges occur as narrow,
elongate, vegetated features within the confines of the low-amplitude, meandering channel-train (locations
A, B, C) (Type 4 anabranching, sensu Nanson and Knighton. 1996).
0134.

(Elkedra. SF53-7, 1971. CAG 4104, Run 7,

Reproduced by permission of the General Manager. Australian Surveying and Land Information Group. Department of

Administrative Services, Canbena. ACT).
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Figure S3 Relationship between tributary inflows and anabranching in the lowland zone of the Sandover-Bundey River, based on assessment of the number of channels
at 1 km intervals (determined from field surveys and aerial photographs). Although definition of the number of channels across a given section involves a degree of
subjectivity, the data nevertheless demonstrate how the number of channels increases for a short distance downstream of the tributary junctions, resulting in the *ridge' form
of anabranching, before the river reverts to a largely single-thread channel with only occasional ridges or islands.
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In all three instances, therefore, anabranching on the Sandover-Bundey River can clearly
be related to the patterns of tributary drainage. Similarly, anabranching on the Woodforde
River occurs where the channel is joined by Kerosene Camp Creek and two other smaller,
unnamed tributaries in the transition from the piedmont to the lowland zone. On both
rivers, in the absence of tributary inflows further downstream, in-channel ridges and
islands gradually disappear and the channels revert to a single-thread form. Anabranching
in connection with patterns of tributary drainage has also been noted in the Wannara
Creek catchment, western New South Wales (G. Brierley, pers. comm.), where it
appears to relate to local valley widenings and to slight decreases of channel gradient
below the tributary junctions.

On the Bundey and Woodforde Rivers, however, the

change from single-thread to anabranching downstream of tributary junctions occurs in
the absence of any significant change in channel gradient or degree of channel
confinement.

In the catchments of the Bundey, Woodforde and Marshall Rivers, tributaries vary in
character from those transporting bedloads of coarse sands and gravels to those
transporting mainly suspended loads. In either instance, the 'island' or 'ridge' form of
anabranching can result.

Hence, there must be a range of mechanisms whereby

anabranching develops downstream of tributary junctions.

Possible tributary-related

mechanisms are most likely to be provided by consideration of the various formative
processes of the in-channel ridges and islands dividing the anabranching channels. In
turn, evidence for possible formative processes is provided by investigation of the
sedimentological characteristics of the ridges and islands.

5.5

SEDIMENTOLOGY

AND STRATIGRAPHY

OF

IN-CHANNEL

RIDGES AND ISLANDS
T o examine the stratigraphy and sedimentology of in-channel ridges, islands and
floodplains, a total of 35 trenches were hand excavated at a number of locations along the
7 km long anabranching reach of the Woodforde River and along 8 km of the SandoverBundey River at Ooratippra. Trenches were excavated in ridges and islands of various
lengths and widths but most attention was focused on the smaller ridges and islands
(width <10 m) due to the difficulty of excavating larger examples. Hand augering proved
unsuccessful due to limited retention of the dry, uncohesive sediments and the presence of
occasional gravels at depth. In some instances, a number of trenches were excavated at
different points along the same ridge or island. A smaller number of trenches were also
excavated in the floodplains at the edge of the channel-train. In general, trenches were
excavated perpendicular to the downstream direction and the stratigraphy was described
from the face parallel to the downstream direction. Sedimentary textures were assessed in

the field with the aid of particle size analysis cards and a number of samples were also
collected for later grain size analysis.
For the smaller examples, it was possible to excavate to the approximate mid-point of the
ridges and islands, but in all other instances trenches were excavated to a minimum
distance of 1.5 m from the adjacent channel bed. In some instances, trenches were
excavated below the depth of the adjacent channel sands and were extended onto the
channel bed. The stratigraphie descriptions of the ridges and islands were supported by
examination of natural bank exposures and general observations at numerous other
locations along the anabranching reaches of the Woodforde, Bundey and Marshall Rivers.
Examples of stratigraphie sections from typical ridges and islands are presented in Figure
5.4. The internal stratigraphies and sedimentologies of small, short ridges and islands
show no consistent differences from those of larger examples. Similarly, there are no
consistent differences in the stratigraphy and sedimentology of the ridges and islands
either between different anabranching reaches or along the same reach. In all cases, a
basal layer of coarse sands and granule/pebble gravels is overlain by a finer overburden
varying in texture from coarse sands through to muds. The top of the basal sands and
gravels is generally elevated above that of the adjacent channel bed. For many of the
floodplains and islands, as well as for a smaller number of in-channel ridges, the finer
overburden shows little textural differentiation or preserved sedimentary structures. For
many other in-channel ridges, however, the overburden consists of separate sedimentary
strata although the number, texture and thickness of the strata vary both from ridge to
ridge and even along the same ridge (Fig.5.4). The pattern of strata generally conforms
to a fining upwards succession with medium to coarse sands succeeded by finer sands
and silty sands but textural reversals, such as where silts and fine sands are overlain by
coarser sands, are not uncommon. Boundaries between the strata are usually indistinct
with textural changes gradational but in rarer instances erosional contacts between
different units can be identified. Lenses with a high proportion of partially decayed leaves
and twigs can often be found high in the successions but, given the rapid rates of organic
decay in the region, these organics are thought to be too young to be usefully dated by
radiocarbon techniques.
The excavations reveal that sedimentary strata in the ridges typically dip from the centre of
the ridge towards the adjacent channel beds, with the angle of dip generally in the range of
30 to 60° (Plate 5.2). In such instances, the stratigraphy consists of a central core of
coarse sands and granule/pebble gravels which decreases in thickness towards the
margins of the ridge with the overlying strata generally following the same pattern.
Occasional cross-cutting of strata by overlying units can sometimes be identified. Due to

a.) In-channel ridge, Sandover-Bundey River
(35-40 m inside channel from left-hand floodplain, - 2 9 0 m long, maximum height ~3 m, maximum width - 2 0 - 2 2 m. Diameter of largest
colonising tree (£. camaldulensis) = 1.62 m - located near downstream end)
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Figure 5.4 Typical morphology and stratigraphy of the in-channel ridges and islands characteristic of
the Sandover-Bundey and Woodforde Rivers.

Plate 5.2 Photograph and interpretative sketch to illustrate the stratigraphy of a typical in-channel ridge
on the Sandover-Bùndey River (view into centre of ridge, flow direction towards camera). The stratigraphy
shows a central core of structureless coarse sands and granule/pebble gravels (unit 1), overlain by fine to
medium sands with tabular cross-beds (unit 2), structureless sandy silts (unit 3) and fine to medium sands
with trough cross-beds (unit 4). Units dip towards the margins of the ridge, with clear signs of
interfingering between units 1 and 2. The contacts between units are both gradational and erosional. The
left-hand side of the scale is marked in cm.

bioturbation resulting from the growth of colonising trees, shrubs and grasses,
sedimentary structures are rare. Where preserved, however, strata composed of finemedium sands show either weakly developed trough cross-sets or opposed planar
foresets with the foresets generally meeting at the centre of the ridge (Plate 5.2).
In some instances, the strata in the ridges dip below the level of the adjacent channel
sands and can be traced up to 1 m away from the edge of the ridge to depths of around
15-20 cm below the channel bed. Interfingering between the finer silts and sands of the
ridges and the adjacent sands and gravels on the channel bed can sometimes be found.
For the ridges and islands showing little internal stratigraphy, however, the silts and
sands of the ridges appear to underlie the channel sands and gravels and to join with the
adjacent ridge or floodplain.
Although the details of the stratigraphy and sedimentology vary even within any one
given in-channel ridge or island, some general conclusions can be drawn. The complex
internal stratigraphy of many ridges and islands strongly indicates that they have formed
in situ by accretionary processes (i.e. are constructional/depositional features). For
instance, the interbedded fine sands and silty sands identified in some ridges (Fig.5.4)
may represent depositional couplets resulting from separate flood events or from pulses
on an individual flood wave. However, where the ridges and islands show little internal
stratigraphy or the stratigraphy differs little from that of the adjacent floodplains, the
indications are that they have been cut from areas of formerly continuous floodplain (i.e.
are erosional/destructional features). The morphology of both depositional and erosional
ridges and islands are similar which means that they cannot be easily differentiated on the
basis of external form. Both types can occur within a given reach and across a given
section, suggesting that the anabranching planform as a whole is the result of a number of
depositional and erosional processes.
While the depositional or erosional origins of the relatively narrow, in-channel ridges and
smaller islands can be established, however, the origins of the larger islands found in
some anabranching reaches are more difficult to ascertain. Due to the limited stratigraphic
exposures of the larger islands, it is unclear whether they are primarily depositional or
erosional in origin. Anabranching and anastomosing has usually been defined with
reference to islands excised from the floodplain (e.g. Knighton and Nanson, 1993) but
recent acknowledgement has been given to the possibility of islands fomed by withinchannel deposition or formed by prograding channels within splays or deltas (e.g.
Nanson and Knighton, 1996; see also Sarkar and Basumallick, 1968). In many cases,
however, it is hard to establish the depositional or erosional origins of the islands
characterising certain anabranching channels (Nanson and Knighton, 1996). As the

following discussion indicates, however, it is likely that examples of both large
depositional islands and lai'ge erosional islands can be found in the anabranching channels
of the Alice Springs region.

5.6

FORMATIVE

PROCESSES

OF IN-CHANNEL

RIDGES

AND

ISLANDS
To some extent, the distinction between depositional and erosional in-channel ridges and
islands is artificial, for the morphology of those ridges and islands resulting from inchannel accretion will be partially determined by erosive flood flows whereas those
eroded from floodplain will continue to accrete sediment during flood flows.
Nevertheless, the broad distinction between primarily depositional and primarily erosional
forms provides a useful starting point for a discussion of the formative processes of the
in-channel ridges and islands comprising the anabranching channel patterns. For both the
depositional and erosional forms, a number of explanations can be advanced to explain
their initiation, growth and maintenance.
5.6.1

Depositional

forms

There are two possible explanations for the initiation and growth of in-channel ridges and
smaller islands (width <10 m) that are primarily depositional in origin. Each involves a
different form of secondary flow in the initiation of the features, with vegetation playing a
prominent role in the subsequent growth and maintenance.
5.6.1.1 Helical secondary flows
Secondary flow is a large-scale circulatory motion superimposed on the main downstream
flow which creates longitudinal and transverse variations of velocity and bed shear stress
(Bathurst, 1979; Bathurst et al, 1979; Richards, 1982; Allen, 1982). Different forms of
secondary flow have figured greatly in fluvial geomorphology in discussions on the
formation of pools and riffles (e.g. Leliavsky, 1955; Keller and Melhorn, 1973), the
development of meanders (e.g. Hey and Thome, 1975) and ridge and scroll floodplain
formation (e.g. Nanson, 1980). In addition, evidence for secondary flows in straight
channels has also been suggested by numerous field observations and flume experiments
(e.g. Vanoni, 1946; Einstein and Li, 1958; Einstein, 1971; Nezu and Rodi, 1985; Nezu
and Nakagawa, 1989; Nezu et al, 1985, 1993; Tsujimoto, 1989). In these instances, the
secondary flows consist of an array of paired longitudinal vortex tubes with opposite
directions of rotation (helical vortices). In the flume experiments of Nezu et al. (1985)
and Nezu and Nakagawa (1989), where the flows occurred over sandy beds, the
secondary flows were associated with the formation of micro-scale ridges and troughs
arranged parallel to the direction of the main downstream flow. Similarly, a range of

small-scale, flow-aligned depositional features have been described from natural sand-bed
channels, including streaming (current) lineation and other sedimentary bedforms
variously referred to as sand ribbons, sand trails, harrow marks or longitudinal ribbons
and troughs (e.g. Karcz, 1966, 1973; Culbertson, 1967; Picard and High, 1973; Allen,
1982) and in most instances, the formation of these features has been explained in terms
of helical secondary flows. Hence, similar explanations involving helical secondary
flows may well apply, in whole or in part, to the initiation of the depositional ridges and
islands in the anabranching channels.
Using basic physical principles, Allen (1982) provides a description of secondary flow as
developed above a flat surface in a steady, uniform, rectilinear, boundary layer flow
(Fig.5.5). The flow structures have elsewhere been termed helical (or helicoidal) flow
(Culbertson, 1967; Karcz, 1973) or corkscrew vortices (Allen, 1985). The motion
consists of oppositely rotating, spiral vortices alternating transversely across the channel
which produces alternate zones of convergence and divergence amongst the bottom
currents, matched by corresponding convergent and divergent flows at some height above
the boundary.
Vertically above each zone of divergence, where the fluid ascends from the bed, the
streamwise velocity component increases relatively gradually away from the boundary
(Fig.5.5a) and the boundary shear stress is therefore less than the average on the bed.
Where the fluid is descending towards zones of convergence, the velocity gradient is
relatively steep (Fig.5.5a) and the boundary shear stress therefore exceeds the average on
the bed. Streamlines generally diverge by no more than a few degrees from the mean
flow direction and the transverse components of the velocity and mean bed shear stress
are therefore relatively small compared to the streamwise values.
The effects of helical secondary flow for sediment transport and sediment transfer
depends on the composition of the sedimentary surface and the characer of the transported
sediment (Allen, 1982, 1985). A surface underlain by deep loose sand, such as channel
beds in the Alice Springs region, may become shaped into streamwise ridges and
hollows, as grains are moved from zones of divergent currents towards zones of
convergence (Fig.5.5b). The number of helical vortices depends on the width-depth ratio
of the channel (Richards, 1982) but the spacing of vortices (covergence to convergence)
and the corresponding ridges and hollows is typically 2-4 times the depth of flow
(Culbertson, 1967; Nezu and Rodi, 1985; Nezu and Nakagawa, 1989).
Despite the theoretical, experimental and field evidence for the relationship between helical
secondary flows and flow-aligned bedforms, there are a number of problems in

Figure 5.5 Schematic illustration of helical secondary flows and their effects (Allen, 1985):
a.) general character of motion;
b.) shape of a deformable granular surface adjusted to the motion.

invoking similar explanations for the formation of the in-channel ridges and islands in the
anabranching channels of the Alice Springs region. First, the features previously
described from natural channels (Karcz, 1966, 1973; Culbertson, 1967; Picard and High,
1973) are very small, rarely exceeding several tens of centimeters in height. Given the far
larger dimensions of the in-channel ridges and islands in the Alice Springs region, where
they can exceed 2 m in height, it is hard to envisage helical secondary flows as the sole
explanation for the formation of these features. Second, in further contrast to helical flow
theory and previous field descriptions of longitudinal bedforms where ridges and troughs
are typically spaced at 2-4 times the depth of flow, the spacing of the ridges and islands in
the channels of is far more irregular. The streamwise spacing of ridges and islands in the
Bundey and Woodforde Rivers often varies considerably, ranging from as low as a few
metres up to tens or hundreds of metres. Third, the theory of helical secondary flow as
outlined by Allen (1982), assumes steady, uniform flow conditions. Such conditions are
unlikely to exist during flow events in the channels of the Alice Springs region especially
where channels vary in size and shape over short distances and large numbers of inchannel trees act as obstructions to flow. Hence, the nature of flow in these channels may
well be inimical to the development of helical secondary flow. Finally, if helical
secondary flows were the sole explanation for these features, it is hard to explain why
ridges and islands are not more widespread in the channels of the region but instead are
Umited to specific reaches of certain rivers. The clear association of in-channel ridges and
small islands with channels transporting coarse-grained bedloads and with patterns of
tributary drainage (Section 5.4) suggests that factors other than helical secondary flows
have a greater role to play in the formation of these unusual fluvial features.

5.6.1.2 Current shadows
In addition to secondary flows arising from flows in straight channels, secondary currents
may also originate from obstacles placed in the channel, such as vegetation or bridge
piers. When an obstacle in the channel creates a captive region of sluggishly recirculating
fluid, the flow is said to have become 'separated' (Allen, 1985). Flow separation
influences local pattems and rates of sediment transport and results in various depositional
and erosional features collectively termed 'obstacle marks' (Dzulynski and Walton,
1965). Obstacle marks have been described from various fluvial contexts, such as those
resulting from flow deformation by stranded ice blocks (Collinson, 1971; Fahnestock and
Bradley, 1973; Gustavson, 1974; Russell, 1993), floodplain vegetation (Nordseth,
1973a, b; Miller and Parkinson, 1993), in-channel vegetation (Karcz, 1968, 1972;
Williams, 1970b; Sneh, 1983; Dunkerley, 1992), boulders and pebbles on the floor of
channels (Karcz, 1968; Picard and High, 1973; Wiles and Calkin, 1992) and bridge piers
(Shen et al., 1969; Shen, 1971). Although these features have been referred to by a

variety of terms (e.g. comet marks, sand shadows, window ridges, wake deposits, lee
bars) erosional obstacle marks are generally known as current crescents and the
depositional forms as current shadows (Allen, 1982). The growth of in-channel trees,
such as E. camaldulensis, is characteristic of many channels in the Alice Springs region
and these provide numerous obstacles to flow. Hence, as an alternative to the initiation of
depositional ridges and islands by hehcal secondary flows, the ridges and islands might
originate as current shadows resulting from deformation of flood flows by in-channel
trees.
Allen (1982) provides a description of the flow structures induced by obstacles using
basic physical principles. These flow structures have elsewhere been referred to as
horseshoe vortices (Karcz, 1968, 1973; Allen, 1985). A roughly circular, impermeable
body mounted on a channel bed and extending through the free suface of a unidirectional
current (such as in-channel trees) will cause a diversion of flow (Fig.5.6a).

Flow

separation occurs on the upstream side of the body and secondary flow cells are produced
as flow is deflected downwards and outwards in the form of a horseshoe vortex. Vortex
lines become stretched around the flanks, causing a local acceleration of flow, and cluster
around the wake downstream (Fig.5.6a). In this region, the near-bed flow slows down
in a zone of convergence and the flow disturbed by the obstacle gradually réassumés the
properties of the adjacent undisturbed boundary layer.
Such flow disturbance causes patterns of bed shear stress to exceed or fall below the
average. In the case of a deformable channel bed in a sediment-bearing flow, flow
acceleration and increased bed shear stress may cause a local scouring (or partial
suppression of deposition) to create a furrow surrounding the obstacle (Fig.5.6a). In the
wake, the reduced velocities and depressed bed shear stress suggest that sediment may be
preferentially accummulated (or scour minimised) to the lee of the obstacle (Fig.5.6a). In
order to reach the wake, the sediment must be transported well above the bed (high
saltation or suspended load), since the principal separation line is an effective barrier to
bedload grains (Allen, 1982).
As a result of these spatially varying patterns of bed shear stress, a wide range of current
cresents and shadows can result. The magnitude and nature of the secondary flows
around the obstacles and the resulting character of current crescents and shadows are
determined by the various properties of the obstacles (orientation, shape, size,
permeability), of the approaching flow (e.g. velocity, discharge, depth, density
stratification, duration of flow) and of the sediment (e.g. composition and amount of
bedload, grain size and shape) (Karcz, 1968; Richardson, 1968; Allen, 1982). Karcz
(1968) qualitatively evaluated some of these variables for obstacle marks on the beds of
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Figure 5.6 Schematic illustrations of flow patterns around obstacles and their effects:
a.) general character of motion, showing the association of horseshoe vortices with proximal scour and
shed vortices with lee side deposition (Russell, 1993);
b.) varieties of obstacle mark formed by unidirectional currents, depicted in the plane of symmetry and in
plan. Morphology depends on current strength, sediment calibre, and the nature of the flow boundary
(Allen, 1982). For channels in the Alice Springs region, where sand-laden flows occur over mobile
channels beds, case (c) or (e) provides the best approximation.
relatively rare in these channels (Chapter 4),

However, current cresents (scours) are

wadis in Israel as did Russell (1993) for obstacle marks produced by flow around
grounded ice blocks on a proglacial outwash plain.

Allen (1982) has schematically

illustrated the varieties of obstacle marks according to current strength, grade of sediment
transported and the nature of the flow boundary (Fig.5.6b).
Despite the clear theoretical and field evidence for current shadow formation, there are
two main difficulties in drawing a direct analogy with the formation of in-channel ridges
and islands in the anabranching channels of the Alice Springs region. First, despite many
previous references to streamlined accumulations of sediment downstream of vegetation
or boulders/gravels in sand-bed channels (Karcz, 1968; Picard and High, 1973;
Williams, 1970b; Sneh, 1983), in most cases the features previously described have been
shorter in length and smaller in height than many of the in-channel ridges and islands.
The dimensions of obstacle shadows (where specified) rarely exceed 10 m in length or 1
m in height, in contrast to the great length ( > 1 0 0 m) and height (>2 m) of many of the
features in the Bundey and Woodforde Rivers. Second, previous descriptions of obstacle
shadows have often been limited to one or a few isolated examples where a particulai^ tree
or boulder/gravel has acted as an obstruction to flow.

In the Alice Springs region,

examples can be found where small, short ridges ( < 1 0 m long and < 1 m high) are clearly
associated with particular anchor trees, although these are less common than perhaps
might be expected. Ridges and islands are typically vegetated along their length with httle
evidence of any particular tree having formed the initial obstruction to flow and, indeed,
the upstream ends are often relatively poorly vegetated.

Nevertheless, flow separation resulting from in-channel tree growth possess a number of
advantages over the theory of helical secondary flows for explaining the initiation of inchannel ridges and islands. First, ridges and islands range in size from small, short and
narrow forms up to elevated, lengthy and wide forms. The internal sedimentology and
stratigraphy of different size ridges and islands showed no consistent differences (Section
5.5) suggesting that small ridges can grow in size to become larger ridges or islands.
Where preserved, internal bedding structures are similar to small current shadows
previously described in the Uterature (Karcz, 1968; Williams, 1970b; Picard and High,
1973; Sneh, 1983), often consisting of opposed foresets of fine-medium sands. Second,
and in contrast to helical secondary flow theory (Section 5.6.1.1), current shadows
resulting from flow separation induced by trees need not necessarily have a regular
spacing as any tree can deform the flow and influence patterns of scour and deposition.
On both counts, therefore, the characteristics of the in-channel ridges and islands of
anabranching channels in the Alice Springs region are not inconsistent with the theory of
current shadow formation.

5.6.1.3 Growth and maintenance of depositional in-channel ridges and islands
Whichever explanation is accepted for the initiation of the in-channel ridges and islands be it helical secondary flows or flow separation resulting from the growth of in-channel
trees - survival of fresh deposits is likely to be dependent on subsequent colonisation by
vegetation, such as grasses or young saplings, in the periods between flood events. The
influence of in-channel and riparian vegetation in contributing to the stabilisation and
subsequent growth of fluvial deposits has been widely reported in a number of fluvial
contexts, both in Australia (Mabbutt, 1977; Woodyer et ai, 1979; Pickup et al, 1988;
Graeme and Dunkerley, 1993; Brooks, 1994) and elsewhere (e.g. Hadley, 1961;
Schümm and Lichty, 1963; Burkham, 1972; Graf, 1978, 1979, 1988a; Osterkamp and
Costa, 1987; Martin and Johnson, 1987; Malanson and Butler, 1990; Thome, 1990;
Hupp et ai, 1995; Osterkamp and Hupp, 1996). Although there have been few detailed
studies, the influence of vegetation appears to be two-fold: first, through the binding
influence of roots on freshly deposited sediments which provide protection from scour
during later flood events; and second, through the influence on patterns and rates of
sediment deposition by increasing roughness and reducing flow velocities.
While the extensive root networks of colonising trees and shrubs on the in-channel ridges
and islands in the Alice Springs region are likely to provide considerable local protection
from scour, more extensive protection is provided by the growth of grasses such as Silky
Browntop {Eulalia fidva). Desert Bluegrass (Bothriochloa ewartiana), Queensland
Bluegrass {Bothriochloa eurantiara), and Mitchell grass {Astreleba pectinata). Many of
these grass species are tough, stout perennials, forming dense tussocks and sometimes
growing from a rhizome. Hence, they are likely to provide considerable cohesion for the
predominantly sandy deposits forming the ridges and islands. The density of grasses on
the ridges and islands varies considerably but following the method of Dunaway et al
(1994), the volume of roots in the top 4 cm of bank sediment for 6 samples from the
well-grassed Woodforde River and Frazer Creek ranged from 10-30%. These values are
comparable to the volume of grass roots in bank sediment reported for other fluvial
systems (Smith, 1976; Dunaway et al, 1994) where the vegetation has been shown to
significantly reduce bank erosion.
The internal sedimentology and stratigraphy of the depositional in-channel ridges and
islands (Section 5.5) and the hkely influence of the colonising vegetation suggests that
ridges and islands grow as a result of three contemporaneous processes: downstream
progradation, vertical accretion and lateral accretion. Oblique accretion (Nanson and
Croke, 1992) plays a more limited role in their growth. The initial deposit is typically a
small ridge of poorly sorted sands and granule/pebble gravels usually on the downstream

side of a tree (Plates 5.3a). Subsequent colonisation by young saplings encourages
deposition of finer sands and silty sands, representing high saltation or suspended load.
Continued growth of the saplings and possible colonisation by grasses encourages further
longitudinal, vertical and lateral growth (Plate 5.2b) of the ridge or incipient island.
Where the cover of saplings or grasses is sparser, silty sands or muds deposited on the
waning stage of floods may provide some protection for freshly deposited sediment from
the erosive effects of subsequent flood flows. These finer-grained deposits, typically
containing up to 60% silt and clay, occur either as individual laminae or coupled with
bands of fine to medium sands (Section 5.5). The end result of these processes is a ridge
or small island (Plate 5.3c) consisting of a core of sands and gravels enveloped by an
assemblage of finer-grained strata. Deposition can be interrupted at any stage by erosive
events and textural reversals can sometimes occur (Section 5.5).
In addition to the growth of individual islands, the interaction of flood flows with the
whole complex of ridges and islands has to be considered. As a series of ridges and
islands grows, it is possible that those in favourable locations in the channel (such as in
the lee of other ridges and islands) may survive and grow, while those in less favourable
locations (such as between already well-developed ridges) are more Ukely to be eroded.
It is also possible that once a series of islands and ridges is developing, then helical
secondary flows in the multiple channels may encourage further growth by scouring the
intervening channel floors and transporting sediment onto the neighbouring
ridges/islands, in the manner suggested by field evidence for scroll-bar formation
(Nanson, 1980, 1981) and the flume experiments of Nezu and Nakagawa (1989) and
Nezu et al. (1985, 1993). However, as the flow structures during floods in the multiple
channels are unknown at present, this suggestion can remain only speculative.
Rates of growth of in-channel ridges and islands are largely unknown. The TL dating
technique is not precise enough to enable rates of growth to be determined from multiple
dating of any given ridge, particularly where the residual TL determined from modern
surface samples (Chapter 3) forms a relatively large proportion of the total TL signal of
the sample. Furthermore, in the ridges and islands examined there was little organic
material suitable for dating by radiocarbon techniques. Nevertheless, the occasional
presence of thick (-0.5 m) cosets of sedimentary structures such as trough and tabular
cross-bedding in the stratigraphy of some of the ridges and islands (Plate 5.2) sometimes
suggests relatively fast rates of vertical and lateral growth during individual flood events.
Although the growth of many smaller ridges can clearly be related to colonisation by
present-day vegetation, the distribution of trees growing on the tops of many of the larger
ridges and islands, however, suggests that the initial formation considerably pre-dates the

Plates 5.3a-c Series of photographs to illustrate the growth of depositional in-channel ridges and
islands. Ridges and islands grow as a result of the three main processes of downstream progradation,
vertical accretion and lateral accretion: a.) small, current shadow of sands and granules in the lee of a
river red gum (flow direction is from top right to bottom left); b.) small, elongate ridge colonised by
grasses (flow direction is from top right to bottom left); c.) well-developed, in-channel ridge colonised
by large river red gums and shrubs (flow direction is towards the camera).

present colonising vegetation. On the larger ridges and islands, there is often little
evidence of any down-ridge succession in the age or size of trees as might occur if the
present vegetation had established in association with the growth of the features (cf.
Osterkamp and Costa, 1987). Although TL ages for ridges along the Woodforde and
Bundey Rivers (Chapter 8) indicate that the depositional ridges are all late Holocene
features (<4000 years old), the initial formation of many ridges and islands may still
considerably pre-date the maximum life-span of trees such as E. camaldulensis

(-400

years - Ogden, 1978). This helps to explain why many ridges and islands are not
associated with individual trees as obstacles (Section 5.6.1.2); the tree initiating the
feature may have long since died to have been replaced by younger trees on the tops or on
the margins of the established ridge or island.
5.6.2

Erosional

forms

For the in-channel ridges and islands excised from formerly continuous areas of
floodplain, explanation of the formative processes lies in a consideration of the causes
and processes of channel avulsion.

Many definitions and descriptions of channel

avulsion often refer to the development of a new channel at the expense of the old
resulting, for example, in the reduction in capacity and eventual abandonment of the old
course (Allen, 1965, 1985; Leeder, 1982; Smith et ai, 1989; Brizga and Finlayson,
1990).

In the case of anastomosing and anabranching channel systems, however,

channel avulsion is a key factor in the formation and maintenance of the characteristic
multiple channel patterns (Smith and Smith, 1980; Rust, 1981; Schumann, 1989;
Knighton and Nanson, 1993) and thus similar explanations may apply to the erosional
ridges and islands in the anabranching channels of the Alice Springs region.
5.6.2.1 Processes of channel avulsion
For channel avulsion to occur, periods of aggressive floodplain flow are necessary to cut
new channels. The location of channel cutting is often determined by concentration of
floodwaters on limited areas of the floodplain during the initial stages of a flood, and this
has been attributed to a wide variety of general factors including superelevation of the
water surface on the outside of meander bends (Allen, 1977; Schumann, 1989),
breaching of levees or low points in channel margins (Mabbutt, 1977; Rust, 1981), the
influence of riparian vegetation and debris dams (Harwood and Brown, 1993; Jones,
1993), in-channel bench accretion (Riley and Taylor, 1978; Schumann, 1989; Schümm et
at., 1996) as well as a range of more environment-specific factors such as ice jams
(Nordseth, 1973b; Smith etai,
trails (McCarthy etai,

1989), beaver drag trails (Smith, 1983) and hippopotami

1992; Stanistreet etaL, 1993).

Regardless of the initial cause of floodplain flow, the process of channel cutting proceeds
in a number of ways, involving hydraulic, sedimentary and vegetative controls (Smith
and Smith, 1980; Smith et aL, 1989; Schumann, 1989; Brizga and Finlayson, 1990;
McCarthy et al,

1992). For instance, the breaching of levees and the evolution of

crevasse splays has been widely observed to initiate anabranches in a range of aggrading
channel systems such as those traversing extensive wetlands in Canada (Smith and
Smith, 1980; Smith, 1983; Smith et al, 1989). In addition, anabranches resulting from
processes of floodplain scour have been described from a range of stable and aggrading
channel systems (e.g. Fisk, 1952; Popov, 1962; Taylor, 1976; Schumann, 1989; Brizga
and Finlayson, 1990; Schumm et al., 1996). Scour often occurs in connection with the
occupation of secondary channels or palaeochannels on low-relief areas of the floodplain,
which can enlarge and capture some or all of the flow from the main channel (Fisk, 1952;
Popov, 1962; Taylor, 1976; Schumm et al., 1996) and may involve channel cutting by
headward knickpoint migration along the line of the scour (Schumann, 1989; Schumm et
al., 1996). Far more rapid and extensive dissection of alluvial bottomlands (floodplains)
can occur during large flood flows, resulting in patterns of erosional anastomosis where
incomplete channel widening creates residual islands in the expanded channel (Miller and
Parkinson, 1993).

For the anabranching channels in the Alice Springs region, it is difficult to determine the
exact erosional processes by which any one ridge or island has been excised from
floodplain, as the evidence remaining after excision usually does not include clues as to
the origin of the episode. Nevertheless, field observations provide little evidence of
channel cutting by the progressive development of splays. Along the anabranching
reaches of the Sandover-Bundey and Woodforde Rivers, there are few examples of
breaches in the channel banks or the 'blind anabranching channels' (Harwood and
Brown, 1993) that would occur if channels were progressively extending through
floodplains.

The well-vegetated banklines, the general lack of leVees and the lateral

confinement of channels and floodplains by bedrock outcrops, remnants of Tertiary
weathering profiles, alluvial terraces or aeolian dunes (Chapter 4) limit the potential for
splay development in the anabranching reaches.

In contrast, numerous examples of floodplain scour can be found in the anabranching
reaches. Scours are initiated by floodplain flows which either result from the general
exceedance of bankfull capacity or by damming and local ponding of tributary
floodwaters by flows in the trunk channel. Scour marks generally take the form of small
(0.1-0.2 m deep), circular or elliptical pits, elongate depressions or narrow furrows
incised on the surface of the floodplains and oriented in the downstream direction (Plate
5.4a). Scour marks generally occur some 5-10 m from the channel margins behind the

prominent line of bankline trees and although they may originate at the base of trees or
shrubs on the floodplain, this does not appear to be a necessary factor in their formation.
Field observations suggest that these scours represent the early stages of channel
formation with subsequent channel cutting proceeding by a process termed linear
dissection of floodplains. Linear dissection involves selective erosion of the floodplain
along a preferred line of scour leading to the excavation of an elongate fuiTow. Continued
deepening and extension of the furrow in both the upstream and downstream direction
eventually results in channel formation (Plate 5.4b). Subsequent routing of flow and
bedload sediment discharge through the newly excavated channel incorporates it into the
broader anabranching system. Hence, extensive channel cutting by this process results in
anabranching channels separated by relatively narrow, elongate, typically well-vegetated
ridges or islands composed of former floodplain (Plate 5.4c).
There are three main factors promoting linear dissection of floodplains along the
anabranching reaches of channels in central AustraUa: first, the well-vegetated banklines
which protect the floodplains from laterally extensive stripping and preserve the
floodplain as an island or ridge; second, confinement of overbank flows over the
floodplain by adjacent alluvial terraces, bedrock. Tertiary weathering profiles or sourcebordering dunes; and third, the tendency for the floodplain sediments to readily
disaggregate in the presence of water. Using the Emerson (1967) Aggregate Test, field
assessments of the structural stability of soil aggregates (3-5 mm) showed that in all cases
floodplain samples are characterised by slaking: aggregates collapsed upon immersion in
water and the water remained clear after 15 minutes (Chan and Abbott, 1993). The
tendency for the floodplain sediments to readily slake in water results from the relatively
low percentage of silt and clay in floodplain samples (typically <40%) which means that
unvegetated, or sparsely vegetated, predominanüy sandy sediments have little cohesion.
Once a preferred line of scour is initiated, erosion appears to proceed relatively rapidly,
for the scours provide semi-channelised pathways for subsequent overbank flows. For
instance, in the reach of the Sandover-Bundey downstream of Arganara Creek a number
of previously small, elongate (30 cm deep, 2-3 m long) isolated scours on the left-bank
floodplain were enlarged during the floods of 1995 and coalesced to leave a narrow,
shallow (2 m wide, 30 cm deep) channel carrying a bedload of fine to medium sands.
The sands appeared to have originated from erosion of the floodplain sediments and from
sediment suspended in overbank floodwaters and the channel had extended in both the
upstream and downstream direction. Enlargement of the channels probably took place by
a combination of slaking and mechanical erosion. On the Woodforde River, where semicircular, elongate scours on the surface of the floodplain join other anabranches, examples

Plates 5.4a-c Series of photographs to illustrate channel formation and the excision of ridges and
islands by linear dissection of floodplains: a.) elongate, linear scours on surface of floodplain (flow
direction is away from camera); b.) small, shallow channel excavated in once continuous floodplain
(flow direction is away from camera); c.) series of channels and ridges excavated from floodplain
(flow direction is from right to left). The tops of the ridges are accordant and their stratigraphy and
sedimentology is indistinguishable from that of the adjacent floodplains.

of knickpoints up to 30 cm high can be found. Hence, an explanation similar to that of
Schumann (1989) may apply in these instances, with channel cutting progressing by
knickpoint migration along the Une of the scour.
5.7 THE ROLE OF TRIBUTARIES

Earlier discussion (Section 5.4) demonstrated that anabranching on the Bundey and
Woodforde Rivers is related to patterns of tributary drainage. Given the different styles
of anabranching ('ridge' and 'island' forms), the different character of the tributary
channels (varying from those transporting bedloads of coarse sands and gravels to those
carrying mainly suspended loads) and the different depositional and erosional processes
involved in the formation of ridges and islands, there is probably a range of mechanisms
whereby tributaries contribute to the formation of anabranching channel patterns. As a
generalisation, however, the influence of tributaries can be considered to operate under
two main sets of circumstances: first, through inputs of water and sediment to the trunk
channel either prior to or in the absence of flows originating further upstream
('asynchronous tributary flow' - Thornes, 1977); and second, through inputs of water
and sediment to the trunk channel during periods of flood flow generated further upstream
('fully integrated flow' - Thornes, 1977). In either circumstance, depositional and
erosional ridges and islands can form as a result of the processes outlined in Section 5.6.

5.7.i Asynchronous tributary flow
Although there is no gauged data from which to assess the frequency or timing of flows
in the tributary channels in relation to those in the trunk channels, the anecdotal evidence
of local pastoralists suggests that flows emanating from tributaries often result in flooding
of the trunk channel downstream of the junctions while reaches further upstream remain
dry. Bankfull discharges for many tributary channels are only minor in comparison to the
capacities of the trunk channels and thus tributary inflows are only likely to result in low
flow events in the trunk channels. Nevertheless, it is possible that the more frequent
supply of moisture to the sections of channel immediately downstream of the tributary
junctions results in the denser growth or greater numbers of in-channel trees which, by
acting as obstacles to flow, result in the initiation of depositional ridges as current
shadows (Section 5.6.1.2). However, the influence of channel bed irrigation on the
density or numbers of in-channel trees is difficult to ascertain. Aerial photographs
suggest that many anabranching reaches are characterised by greater numbers of trees than
single channel reaches but this is partly a result of the large numbers of trees growing on
the tops of ridges and islands. Hence, the direction of cause and effect between numbers
of trees and the existence of ridges and islands cannot be established.

Regardless of the influence of moisture supply on the numbers of in-channel trees, once
initiated, the growth of depositional in-channel ridges and islands depends on their
survival during subsequent flood events and the balance between erosion and deposition.
The more frequent, low-magnitude flows experienced by the channel reaches downstream
of the tributary junctions may enable continued rapid growth of the ridges through the
processes of downstream progradation and vertical and lateral accretion (Section 5.6.1.3)
(Fig.5.7a). This is suggested by the pattern of ridges and islands in the 4 km long reach
of the Sandover-Bundey downstream of Junction Waterhole (Plate 5.1c). Discharge
from the Sandover River into the Bundey is dependent on flows through the floodout at
Ammaroo (Chapters 4 and 6) and as a result it flows into the Bundey much more
infrequently than do Arganara, Centre, Bullock or Ooratippra Creeks. Despite similarities
in the capacity and sediment loads of all four tributaries, in-channel ridges are far less
numerous and less developed downstream of the junction with the Sandover River than
downstream of the other three tributaries (Plate 5.1c).

Furthermore, for suspended load tributaries such as Arganara, Centre, Bullock and
Ooratippra Creek, the nature of sediment supply may also be an important factor in the
survival and growth of the ridges and islands. For instance, during low flow events
emanating from these tributaries, a veneer of silts and muds may be deposited on the inchannel ridges providing a cohesive coating that protects them from erosion during
subsequent larger flood events generated upstream. The fine sediment supplied by the
tributaries is limited and thus the supply is gradually exhausted downstream of the
tributary junctions. Here, the ridges no longer have the cohesion to survive larger flood
events and the channel reverts to a single-thread form (Fig.5.7a). Support for this line of
argument is provided by the clear evidence of bands of silty sands and muds in the
stratigraphy of many ridges and islands (Section 5.5) and the observations of thin
surficial coatings of silts and muds left on the surface of many ridges after the floods in
early 1995. It is uncertain, however, whether these deposits represent tributary inputs
alone or whether they represent a mixture of tributary inputs and fine suspended material
carried in floodwaters originating further upstream.

For the tributaries transporting predominantly coarse loads of sands and gravels, the
influence of sediment load on patterns of anabranching is more difficult to establish.
Although the small amounts of fine-grained material supplied by these channels may also
contribute to the survival and growth of the depositional ridges and islands, anabranching
might also be seen as a response to the increased supplies of coarse material and the need
to maintain the continuity of bedload transport. This is a theme to which later discussion
will return (Section 5.8).

V e a e t a t e d ridges and islands

Figure 5.7

Sandy/gravelly

channels

Schematic diagrams to illustrate typical situations in which anabranching develops in

association with tributary junctions: a.) formation of ridges and islands by accretion in the lee of inchannel trees; b.) formation of ridges and islands as a result of defen-ed-junctions where small tributaries
attempt to enter a larger trunk stream; c.) formation of ridges and islands as a result of deferred-junctions
at the confluence of two or more similar size tributaries. In a.) tributaries usually supply fine-grained
suspended loads but in b.) and c.) tributaries supply bedloads of sands and gravels.

5.7.2

Fully

integrated

flow

The main process of anabranch development during periods of overbank flow is the
cutting of erosional ridges and islands by linear dissection of floodplains (Section
5.6.2.1). This often occurs where high flows in the trunk channel causes local ponding
of tributary floodwaters ('hydrologie damming') which results in aggressive periods of
flow on the floodplains adjacent to the tmnk channel. Linear dissection of the floodplains
leads to the excision of ridges and islands from the floodplain, resulting in either the
'ridge' or 'island' form of anabranching.
In other instances, frequent hydrologie damming of tributary flow by high flows in the
trunk channel over time deflects the mouth of the tributaiy channel several hundred metres
downstream. As such, many anabranches take the form of deferred-junction

tributaries,

separated from the trunk channel by large islands excised from the floodplain or
developed by accretion in the inter-channel area. Deferred-junction tributaries are
commonplace along many anabranching reaches, such as on the Bundey River, and
usually result where a small tributary attempts to join with a larger trunk channel. They
have some similarities with the examples described by Nanson et ed. (1993a) from Magela
Creek, Northern Territoiy, but do not result from differential aggradation of the tributary
and trunk channels. The vast majority of tributary channels in the Alice Springs region
are graded to the level of the trunk channels. Typical examples of deferred-junction
tributaries are illustrated in Figure 5.7b, c. They commonly occur where the attempted
junction angle of the tributary and trunk channel is close to right-angles, resulting in a
pronounced deflection of the lower section of the tributary in the downvalley direction
(Fig.5.7b, location 1). In other instances, the tributary joins an anabranch of the trunk
channel dividing around a large island but which originates upstream of the mouth of the
tributary (Fig.5.7b, locations 2 and 3). Explanations for this may relate to migration or
avulsion of the mouth of the tributary from an original position upstream of the head of
the island or alternatively, that by acting as an obstacle to flow, continued deposition at
the head of the island results in upstream growth to leave the tributary connected to an
anabranch.

In addition to anabranch development through the formation and maintenance of deferredjunction tributaries, anabranches can also develop downstream of the confluence of
similar size channels. A prime example is the Bundey River at the start of the lowland
zone, where the upper Bundey river, Frazer Creek and Alkara Creek converge at a break
in the Dulcie Range (Plate 5.1b; Fig.5.7c). Despite the acute junction angles between the
three channels, downstream of the ranges they do not merge as one single channel but

instead follow sub-parallel courses as a broad belt of anabranching channels. Points of
lateral connection occur between the individual channels as they divide around large
islands but they do not merge into a single channel-train for some 22 km. As in the case
of deferred-junction tributaries, frequent ponding of floodwaters by high flows in
neighbouring channels over time might result in the deferral of the channel junctions. The
origin of the large islands separating the channels is uncertain but they may either result
by excision from floodplain or by deposition in the inter-channel areas.

Section 5.4 demonstrated how anabranching is characteristic of channels transporting
coarse-grained bedloads, such as the Bundey, Woodforde and Marshall Rivers. This is
supported by the fact that deferred junctions of both dissimilar and similar size channels
are uniquely associated with channels transporting bedloads of coarse sands and gravels.
Hence, as for the tributaries supplying suspended loads to the trunk channel (Section
5.7.1), the increased sediment supply may also be an important explanatory factor in
anabranch development. Possible explanations for this may be found by considering the
implications of anabranching for patterns and rates of flow and sediment discharge.

5.8

IMPLICATIONS FOR FLOW AND SEDIMENT DISCHARGE

The close association between coarse bedloads and anabranching channel patterns on the
Northern Plains of the Alice Springs region invites three related questions. First, what is
the most effective channel form for the conveyance of water and bedload? Second, do
anabranching channels possess any advantages over other channel forms for the
conveyance of water and bedload? Finally, if so, how do these advantages help explain
the formation and maintenance of anabranching channels in the Alice Springs region?

5,8,1

The relationship

transport

between

channel

form

and hydraulic

and

sediment

efficiency

Explaining and predicting the mutual interactions between alluvial channel geometry and
the conveyance of imposed water and sediment discharge has occupied both fluvial
geomorphologists and channel engineers for many decades.

As a result there is a

voluminous literature on the subject, of which the following is no more than a brief
overview in an attempt to provide the context for a discussion of flow and sediment
transport through the anabranching channels in the Alice Springs region.
Adjustment of the size and shape of natural alluvial channels in response to the water and
sediment supplied is a fundamental axiom of modern fluvial theory. Channel size (or
capacity) is primarily a response to the volume of water that is transmitted past a given
point whereas channel shape is governed more by the nature of the flow regime and the

sediment load. Within the constraints of perimeter sediment, channel shape tends to
adjust in at least two ways: first, towards a condition of optimium hydraulic efficiency;
second, towards a condition of optimium sediment transport efficiency.
In a bedload channel, these two optimum conditions may be incompatible. For a given
boundary roughness, the channel shape which maximises hydraulic efficiency is a
semicircle, as this encloses the maximum ai'ea for a given perimeter and therefore has the
largest hydraulic radius (Rubey, 1952; Pickup, 1976a, b). While a semicircular crosssection is hydraulically efficient, however, it is a relatively inefficient shape for bedload
transport. The rate of bedload transport per unit width depends on the flow velocity or
shear stress at the bed (Colby, 1963; Pickup, 1976a) whereas shear along the banks
contributes little or nothing to bed load transport. As semicircular cross-sections have
very small bed widths, large bank areas, and flow widths increase rapidly with respect to
depth, they generate very low values of bed shear stress. Instead, the most efficient
channel shape for bedload transport approximates a rectangle - wide with steep banks - as
this minimises shear on the banks and maximises shear at the bed (Pickup, 1976a).
For rectangular cross-sections, the most hydraulically efficient channel is one that, for a
given gradient and roughness, has the maximum hydraulic radius (least wetted perimeter
for a given area). This condition is met by a rectangular channel with a width-depth ratio
of 2. Due to the limited strength of bank sediments, however, it is virtually unknown in
nature for a single alluvial channel to develop a width-depth ratio as low as 2.
Furthermore, at bankfull flow, such a channel would be a highly inefficient conduit for
bed sediment as it would present little bed-width for the movement of bedload. For
bedload channels, therefore, channel shape reflects a trade-off between hydraulic
efficiency (maximising hydraulic radius) and sediment transport efficiency (maximising
bed shear stress). Field observations, however, suggest that adjustment of shape
towards the requirements of bedload sediment transport generally overrides the tendency
for the channel to develop a cross-section with the maximum hydraulic radius (Pickup,
1976b). Hence, for bedload channels, sediment transport efficiency can be seen as the
major factor determining adjustments of channel shape.
As a result, a number of researchers (Gilbert, 1914; Mackin, 1948; Rubey, 1952; Singh,
1961; Pickup, 1976b; Kirkby, 1977; Ramette, 1979; Chang, 1979, 1980; White et aL,
1982) have suggested that, for a given slope, discharge and grain size, rates of bedload
transport are maximised at some particular channel width or width-depth ratio. The
width-depth ratio at the point where bedload transport is maximised has been referred to
as the optimum form ratio (Gilbert, 1914) or the maximum transport capacity (MTC)
channel (Carson and Griffiths, 1987). It is important to note that hydraulic efficiency

still plays a role, for as Pickup (1976b) notes, the optimum form ratio corresponds with
the maximum hydraulic radius that the channel is able to attain under the circumstances',
any increase in bed width beyond the optimum form ratio involves a decrease in
hydraulic radius thus reducing hydraulic efficiency.

For many researchers, the optimum bedload transporting form implies a channel in a fine
state of balance - in other words, a channel 'at grade', 'in regime' or 'in equilibrium'.
Hence, it has been suggested that for a given slope, water discharge and bed material
size, channels will adjust their geometiy in an attempt to attain this condition. White et
al. (1982, p. 1182) provide a simple statement of this hypothesis as follows: '... for a
particular water discharge and slope, the width of the channel adjusts itself to maximise
the sediment transport rate'.

Griffiths (1984) and Bettess and White (1987) show that this hypothesis of maximum
sediment transport rate is just one of a number of extremal hypotheses, such as minimum
stream power, minimum unit stream power, minimum energy dissipation rate and
maximum friction, which assume that channel dimensions adjust to maximise or
minimise the value of some appropriate functional. Many of these hypotheses are closely
related: for instance. White et al. (1982) demonstrated that maximum sediment transport
rate is equivalent to minimum unit stream power for a fixed discharge.

Despite reservations as to the application of extremal hypotheses to natural channels (e.g.
Griffiths, 1984; Ferguson, 1986), criteria such as maximum sediment transport rate are
still widely used in analysing and predicting adjustments of channel form. At the present
time, however, there is conflicting evidence and opinion regarding the dynamic
relationship of bedload (or sediment) transport capacity to channel width for a given
slope, water discharge and bed material size.

Reference to empirical studies and

quantitative statements in the engineering and geomorphic literature indicates three
contradictory views: first, that transport capacity decreases as channel width increases
(e.g. Henderson, 1966; Kevins, 1969); second, that transport capacity increases as
channel width increases (e.g. Bagnold, 1977; 1980; Parker, 1979; Mabbutt, 1977; Reid
and Frostick, 1987); and third, that both types of change occur, with peaks in transport
capacity at one or more intermediate widths (e.g. Gilbert, 1914, Ramette, 1979; Chang,
1979; White etaL, 1982; Pickup, 1976a, b; Carson and Griffiths, 1987).

The finding that some rectangular channel configurations (width-depth ratios) are more
effective than others for rates of bedload transport has a number of implications both for
channel management and for predicting adjustments of channel form in response to
increased (or decreased) inputs of water and bedload sediment. For instance, if a channel

of a given discharge is subject to increased supplies of bedload sediment, then it can
either adjust its slope and/or its channel form in such a way as to maintain or increase
velocity or shear stress so as to ensure the onward conveyance of sediment.

Previous discussions of the relationship between channel width and bedload transport
capacity have been limited to single-thread or braided channels.
anabranching channels have not been considered.

As a result,

Recently, however, Nanson and

Knighton (1996) have argued that a fundamental advantage that anabranching channels
have over single channels is that, in situations where it is not possible to increase channel
slope, the division of a single channel into two or more anabranches concentrates factors
such as stream power and shear stress and enables the system to transport water and
sediment more efficiently. Restrictions on slope adjustment can result from valley
obstructions, tectonism, basin infilling and subsidence and delta formation although
anabranching channels are not necessarily restricted to these situations alone. Nanson
and Huang (in press) have extended this argument further by analysis of some basic
hydraulic relationships for alluvial channels which include flow continuity, roughness
and several sediment transport functions. Although concerned with anabranching rivers
in general, the bedload anabranching channels of central and northern Australia are a key
element of many of the ideas developed by Nanson and Knighton (1996) and Nanson
and Huang (in press).

As such, the following sections explore some of the main

conclusions of these studies in the more specific context of the Alice Springs region.

5.8.2

The advantages

of

anabranching

The basis of Nanson and Huang's (in press) explanation of the advantage of
anabranching over single channels rests on the mutual interdependence between the
number of channels, channel form and flow velocity in situations where there is little or
no opportunity to increase channel slope.

In such situations, anabranching rivers

develop multiple channels that are, in combination, usually substantially narrower and
deeper than if the same discharge were to occupy a single channel. Hence, conversion
from a single channel to a system of multiple channels (either in space or in time) will
reduce total width and increase average flow depths in each of the individual channels.

Decreasing width-depth ratios across the system of multiple channels has the effect of
reducing overall boundary resistance and increasing the average velocity in each of the
individual channels. Hence, each of the individual channels tends towards the optimum
channel form for flow efficiency (i.e. width-depth ratio of 2) although this is rarely
attained in practice due to limited bank strength and the overriding tendency to adjust
towards the requirements of bedload transport.

As sediment concentration is directly related to flow velocity, the increase in the average
flow velocity across the system of multiple channels increases sediment concentration for
each individual channel (i.e. increases sediment discharge per unit width). However, the
reduction in width that occurs as the result of conversion to a system of multiple channels
may also reduce the sediment discharge for the anabranching channel as a whole (the
product of width and sediment concentration). Thus, as suggested by analyses of the
relationship between width and bedload transport capacity in single channels (e.g.
Gilbert, 1914, Ramette, 1979; Chang, 1979; White et aL, 1982; Pickup, 1976a, b;
Carson and Griffiths, 1987) a peak in sediment discharge for an anabranching channel
may occur at some intermediate width (all individual channels combined). In other
words, as the combined bed width in the system of multiple channels is reduced from the
initial width of a single channel, the sediment discharge first increases to a peak but, with
further width reduction, sediment discharge declines.

Nanson and Huang's principal argument is that anabranching channels will adjust the
geometry of their multiple channels in such a way that increasing sediment concentration
in each of the individual channels compensates (or overcompensates) for the reduction in
combined bed width. As a result, the anabranching system as a whole provides the
potential either to maintain or to enhance water and sediment throughput without
increasing slope. To demonstrate the advantages of anabranching, Nanson and Huang
provide a quantitative assessment of the changes in channel geometry, flow velocity and
sediment discharge that occur as flow and sediment transport through a single channel
enters an anabranching reach. A rectangular, sand-bed, single channel of initial width
250 m and average depth 1.72 m (width-depth ratio of 145) possessing a slope of
0.0006, a Manning's roughness of 0.03, a bankfull discharge of 500 mVs and a velocity
of 1.16 m/s (both calculated from the Manning equation) enters an anabranching reach
with the same discharge, slope and roughness but a 25% reduction in total channel width
due to the formation of ridges or islands.

Assuming that the anabranching reach

possesses rectangular cross-sections that have the same width and the same depth in all
channels, and that boundary sediment is homogeneous, then the effect of the 25%
reduction in width on channel depths, width-depth ratios and velocities for different
numbers of channels can be modelled using equations for flow continuity and flow
resistance. Table 5.1 illustrates that the multiple channels in the anabranching reach
show a marked increase in average channel depths, a decrease in width-depth ratio and an
increase in average flow velocities of 8-11% depending on the number of channels
formed (up to 5). Table 5.2 illustrates how width, depth and width-depth ratio respond
to an imposed 10% increase in velocity as flow through a single channel enters an
anabranching reach with between 2 and 5 channels.

Table 5.1 Adjustments of channel and flow geometry for a 25% reduction in channel
width in relation to different numbers of channels
Number of

Width

Depth

Width/depth

channels

Velocity

ratio

2

-25%

+20%

-37%

+ 11%

3

-25%

+21%

-38%

+10%

4

-25%

+22%

-39%

+9%

5

-25%

+23%

-39%

+8%

Table 5.2 Adjustments of channel geometry for a 10% increase in velocity in relation
to different numbers of channels
Number of

Velocity

Width

Depth

Width/depth

channels

ratio

2

+10%

-23%

+ 18%

-35%

3

+ 10%

-25%

+21%

-38%

4

+ 10%

-26%

+24%

-41%

5

+10%

-28%

+28%

-44%

Table 5 . 3

Estimates of sediment concentration and sediment discharge based on a

10% increase in velocity and the resulting channel adjustments presented in Table 5.2
Number of

Rubey

Einstein-

Karim-

Colby's

channels

equation

Brown

Kennedy

relationship

equation

equation

Qs

Notes:

Qs

Qs

Qs

Qs

Qs

Qs

Qs

2

+61%

+24%

+64%

+26%

+55%

+ 19%

+77%

+36%

3

+69%

+27%

+77%

+31%

+55%

+ 16%

+77%

+33%

4

+76%

+30%

+91%

+41%

+55%

+ 15%

+77%

+31%

5

+86%

+34%

+ 110%

+51%

+55%

+ 12%

+77%

+27%

l.) Symbols: q, = sediment discharge per unit channel width; Q, = total sediment discharge; W

= total channel width; D = channel average depth; V = channel average velocity; x = channel twodimensional shear stress; 2.) Rubey equation: Q, oc (W/D) '^-(Rubey, 1952);

3.) Einstein-Brown:

T"-^ (Brown, 1950); 4.) Karim-Kennedy equation: V oc q^"-'^ (i.e. q, oc V^^) (Karim and Kennedy, 1990)
5.) Colby's relationship: q, oc V^" (Colby, 1964)

(Source of data: Nanson and Huang, in press)

While there is no univerally accepted sediment transport formula, Nanson and Huang
apply four examples to evaluate the effect of anabranching on sediment concentration and
total sediment discharge (Table 5.3). By taking as an example the single channel outlined
above, downstream of which flow enters an anabranching reach with 5 channels where
there is a fixed slope, a velocity increase of 10% and widths and depths predicted from
Table 5.2, then all four transport functions indicate that sediment concentration and total
sediment load will rise substantially. Hence, as qualitatively proposed by Nanson and
Knighton (1996), the model results of Nanson and Huang indicate that anabranching
indeed appears to provide the potential to maintain and even increase sediment flux
without recourse to an increase in slope.
Nanson and Huang suggest that the results of the model help to explain why Australia
provides a continental setting so conducive to the formation of anabranching rivers. Very
limited relief and declining flows that increase sediment concentrations downstream
requires anabranching to maintain water and sediment conveyance for the maximum
distance downstream, but these only occur where erosion-resistant banks can form and
maintain such a channel pattern.
5.8,3 Anabranching in the Alice Springs region
The hydraulic and sedimentary advantages that anabranching appears to confer over
single-channel forms, as outlined by Nanson and Huang (in press), clearly has potential
for helping to explain anabranching in the Alice Springs region. For drainage systems on
the Northern Plains, there are limited opportunities for increasing slope in order to
maintain or increase the downstream flux of bedload as a result of three main factors.
First, channels are generally already of very low sinuosity, thus reducing the possibility
of increasing slope by further reducing sinuosity. Second, many channels flow just
above bedrock and third, channels flow towards stable, aggrading basins, both of which
reduce the possibilty of increasing slope by downcutting.
As a result, the model of Nanson and Huang is useful for explaining two aspects of
anabranching in central Australia: first, in helping to understand why anabranching is
characteristic of rivers transporting relatively coarse bedloads while rivers transporting
finer bedloads remain largely single-thread; and second, by demonstrating how
anabranching helps to maintain the downstream flux of bedload sediment where
tributaries introduce further supplies of bedload material.

5.8.3.1 The relationship between anabranching and coarse-grained

bedloads

Earlier discussion of the rivers of the Northern Plains (Section 5.4) referred to major
differences in the patterns and cross-sectional geometry of rivers transporting coarsegrained bedloads (anabranching channels) as compared to systems transporting finergrained bedloads (single-thread or braided channels). These differences in river pattern
and geometry occur despite similarities in channel gradients. In view of this, it is
tempting to argue that the differences in cross-sectional geometry (width-depth ratios)
reflect different adjustments towards the requirements of bedload transport.

A possible explanation for the different channel adjustments may be found in
consideration of the different flow conditions (velocities or shear stresses) needed to
entrain and transport the bed material characteristic of anabranching and singlethread/braided reaches.

Assuming that the channels on the Northern Plains are

reasonably well-adjusted to the prevailing flow and sediment regimes, then it can be
argued that for channels transporting relatively fine-grained material, wide and shallow
cross-sections are sufficient to transport the supplied bedload at a rate necessary to
maintain grade or equilibrium. For channels transporting relatively coarse bedloads,
however, even though the critical velocities or shear stresses generated in similarly wide
and shallow cross-sections are sufficient to entrain even the coarsest grains at relatively
low stages, such cross-sections would seem to be insufficient to transport the bedload at
the necessary rate required over time to maintain equilibrium of bed levels. Due to the
limitations on increases of channel slope, minor adjustments of channel form (e.g. by
reducing width or the width-depth ratio) in themselves may be insufficient to achieve the
adjustments in velocity or shear stress needed to increase the rates of bedload transport.
Hence, where conditions allow, another option may be to increase the number of
channels in order to route flow and sediment transport through a system of channels
which are narrower and deeper than if the discharge were to occupy a single channel. As
demonstrated by Nanson and Huang (in press), this concentrates stream flow, increases
velocities and sediment concentrations and thus increases the rate of bed sediment
transport.

5.8.3.2 The relationship between anabranching and coarse-grained tributary inputs
In addition to inter-basin comparisons of ananbranching and single-thread channels, the
findings of Nanson and Huang are also useful for intra-bas'm comparisons of adjacent
anabranching and single-thread reaches. The Bundey River, for instance, alternates from
single-thread to anabranching at intervals along its length in response to tributary inputs
(Sections 5.4 and 5.7, Plates 5.1a-c). Where these tributaries supply bedloads of coarse
sands and gravels, the results of Nanson and Huang can be used to explain how

anabranching helps to maintain or even increase the flux of bedload sediment in order to
maintain equilibrium of bed levels.
For instance, where tributaries introduce supplies of coarse sands and gravels to the
trunk channel, minor adjustments of channel form (e.g. by reducing width or the widthdepth ratio) in themselves may be insufficient to achieve the necessary adjustment in
bedload transport capacity. By reducing total width and routing flow and sediment
transport through a system of relatively narrow and deep channels downstream of the
tributary junction, however, stream flow is concentrated and velocities and sediment
concentrations are increased. Accordingly, the rate of bed sediment transport is increased
thus ensuring the onward transport of the supplied bedload and the maintenance of bed
levels.
5,8.4 Limitations to the application of Nanson and Huang^s model
Whilst the lack of data on rates of bedload transport makes it difficult to prove these
assertions, on the basis of the theoretical model presented by Nanson and Huang,
anabranching appears to provide many advantages for rivers transporting coarse-grained
bedloads. On the low-gradient Northern Plains, where conditions are conducive to the
development of multiple channels, anabranching may help to maintain or increase the
bedload sediment flux for rivers transporting bedloads of coarse sands and gravels
particularly where they receive further supplies of bedload from tributaries at various
points along their length. In addition, these findings help to explain why there are few
anabranching channels south of the central ranges. Tree-lined ridges (the 'linear bars' of
Pickup et al., 1988) can be found along some rivers but not in an extensive or regular
fashion so as to form anabranching patterns, and most channels display only locahsed
anabranches imposed on essentially single-thread or braided channels (Mabbutt, 1977;
Bourke, 1994). The absence of anabranching channels south of the central ranges partly
relates to the finer sediment loads and the relatively limited tributary drainage networks
typical of many catchments but also results from the steeper grade of many channels,
particularly those draining southeast towards the Lake Eyre depocentre. Hence, in these
instances, the influence of bed material size and patterns of tributary drainage cannot be
isolated from the influence of gradient on channel patterns.
Further consideration of the model of Nanson and Huang, however, reveals some
possible limitations in its adoption as a general hydraulic or sedimentary explanation for
anabranching in the Alice Springs region. For instance, it mainly applies to the situation
where a single channel converts to a system of multiple channels (either in space or in
time) and predicts a marked increase in the rates of sediment flux. While many examples

can be found on the Northern Plains where flow and sediment transport through an
upstream single channel enters into a downstream anabranching reach, a more common
situation is where an anabranching reach passes downstream into a single channel.
Furthermore, although anabranching often develops downstream of tributaries supplying
coarse bedloads, it also develops downstream of those supplying predominantly
suspended loads (Section 5.7).

In these two situations, where no extra bedload is supplied to the channels, the
suggestion that anabranching reaches are more efficient than adjacent single channel
reaches makes little sense in the context of the behaviour of the whole channel system, as
it implies marked discontinuities in flow and sediment transport. Such discontinuities
might result, for example, in bed scour through anabranching reaches due to increased
velocities and rates of bedload transport or alternatively in aggradation in downstream
single channel reaches due to decreased velocities and rates of bedload transport.
Extensive field investigations, however, found no evidence for such large-scale
discontinuities in bedload flux along the channels in the region. Field observations
suggest that, in general, single channel reaches (be they upstream or downstream of
adjacent anabranching reaches) are as equally well adjusted to the prevailing flow and
sediment transport regime as anabranching reaches. Within the exception of the reaches
in the floodout zones (Chapters 4, 6), channel forms on the Northern Plains seem well
adjusted to transporting the supplied bedload.

As Nanson and Huang (in press) concede, however, in a natural channel it is unlikely
that the increase in sediment discharge resulting from a 25% reduction in width and a
10% increase in velocity would be as great as predicted (Table 5.3) for without an
additional supply of bed material, such an increase would cause the channels to scour and
become unstable.

They suggest that in natural systems, (unspecified) hydraulic

adjustments more complex than those proposed in their simple model probably restrain
the channel's capacity to move additional sediment. A major factor in this regard is likely
to be the extra roughness generated by the large number of trees lining the ridges and
islands in the anabranching reaches. Nanson and Huang's model assumes uniform
roughness in the single and multiple channels, but in reality the likely increase in
roughness through the anabranching reaches would limit the predicted increases in
velocity and sediment discharge. Assessing roughness in heavily treed channels is
difficult (Graeme and Dunkerley, 1993; Chapter 3), however, and thus it is not possible
at this stage to be more specific with regards to the magnitude of changes in the
roughness parameter.

Furthermore, while a total width reduction between single channel and anabranching
reaches in the order of the assumed 25% in Nanson and Huang's model have been
observed in the field, in many cases total width reductions are more limited. A more
limited reduction in total width would mean lower increases in mean flow velocity and
thus lower increases in sediment concentration. As a lower reduction in total width also
means a greater width available for bedload transport, however, the total sediment
discharge (the product of sediment concentration and width) will also be affected. In
further contrast to the simplying assumption of uniform channel geometiy in Nanson and
Huang's model, in natural anabranching systems flow and sediment transport is routed
through channels with widely varying width-depth ratios and therefore varying flow and
sediment transport capacities. Hence, the net effect on sediment flux (i.e. whether total
sediment discharge increases or decreases) will thus depend on the balance between
sediment concentration per unit width and bed width summed across all the individual
channels in the anabranching system.

Due to the indeterminate nature of channel geometry and associated hydraulic adjustments
the relationship between total width, width-depth ratios, flow velocity and total sediment
discharge cannot be easily resolved in a simple model but is likely to vary in a complex,
non-linear manner as outlined for single channels by a number of authors (e.g. Carson
and Griffiths, 1987; Chang, 1979). As sediment discharge per unit bed width usually
increases approximately with the third to the sixth power of velocity (Table 5.3),
however, Nanson and Knighton (1996) argue that in terms of total sediment discharge,
any reduction in total bed width due to the formation of ridges or islands would be more
than compensated by the increased transport rate.

5.8.5

Calculated

bedload

flux

in anabranching

and single-thread

channel

reaches
To illustrate the magnitude of the changes in total width and in sediment flux using field
data, surveyed sections and calculations of bedload transport for a typical anabranching
reach of the Sandover-Bundey River and for upstream and downstream single channel
reaches are presented in Figures 5.8 and 5.9. The single channel sections were surveyed
16.5 km upstream and 31.5 km downstream of the anabranching section, respectively.
Flow discharge and velocity were estimated by the Manning equation (Chapter 3) for a
range of stages up to (and, in some cases, slightly exceeding) bankfull. For the single
channel sections, the value of Manning's roughness coefficient (n) was held constant at
0.025.

For the anabranching section, three sets of calculations were made using

Manning's n values held constant at 0.025, 0.030 and 0.035. For a flood event in the
anabranching section, it was assumed that as stage rises the section fills from the lowest

Bundey River upstream of the junction with the Sandover River
189 km downstream

Sandover-Bundey River downstream of the junction with the
Sandover River and Arganara Creek
205.5 km downstream

Sandover-Bundey River upstream of Ooratippra
237 km downstream
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Figure 5.8 Surveyed cross-sections from single-thread and anabranching reaches of the Bundey
(Sandover-Bundey) River used for the calculation of bedload discharge. Horizontal lines indicate the
different water levels used in the calculations.
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Figure 5.9 Calculations of total bedload discharge for single-thread and anabranching reaches of the
Bundey (Sandover-Bundey) River.

point up to gradually occupy the more elevated channels (Fig.5.8). No account was
taken of the variation in Manning's n with stage. Bedload discharge was calculated using
the formula of Karim and Kennedy (1990). This is a velocity-based bedload transport
function developed from regression analysis of a large set of field observations. For all
calculations, slopes were held constant at 0.0008 and sediment size assumed to be 1 mm.
The results of the bedload calculations for the three sections (Fig.5.9) clearly indicate the
influence of roughness on the downstream flux of bedload sediment. For a Manning's n
of 0.025 - held constant between the three sections - there is very little difference in the
total bedload discharge through single-thread and anabranching reaches. Although there
are noticeable increases in velocity and bedload discharge per unit width for some of the
multiple channels, at low to intermediate stages the reduction in the combined bed width
of the channels means that there is little advantage for the total bedload discharge through
the entire section. Even at high stages, when the combined bed widths of the multiple
channels are similar to the adjacent single channel reaches, the limited flow depths and
velocities in some of the more elevated channels (Fig.5.8) means that they have little
influence on the total bedload discharge.
The effect of increasing Manning's n through the anabranching reach to 0.030 and 0.035
is considerable. For a given stage in a given channel, the effect of increasing Manning's
n is to reduce total flow discharge, average velocities and bedload discharge per unit
width. Despite the fact that, for a given discharge, bedload discharge per unit width is
maintained or even enhanced in some of the multiple channels as compared to the single
channel sections, this only occurs over a limited portion of the total section. Hence, at
higher values of Manning's n and for a given discharge, the total bedload discharge for
the anabranching section is less than for the adjacent single channel section (Fig.5.9) - in
other words, the anabranching channel is less efficient in terms of bedload transport.

5,8,6 An additional explanation for anabranching?
storage

The role of sediment

Calculations of bedload transport for surveyed sections from the Woodforde River reveal
similar findings as to the total bedload discharge through anabranching and adjacent
single channel reaches. For a given roughness, there are only minor differences in the
rates of bedload sediment transport between anabranching and adjacent single channel
reaches, and as roughness is increased in the anabranching reaches then these rates
decrease below that of the single channel reaches.

Clearly, the calculations of bedload flux for the anabranching and single channels are
dependent on the values of Manning's n assigned to these reaches. The lack of flow
gauging data for the channels in the region means that values of roughness are little
known.

Nevertheless, the assumption of higher values of Manning's n in the

anabranching channels can be justified for it is based on the higher numbers of trees in
these reaches, which colonise both the channel beds as well as the ridges and islands.
The assumption of no change in Manning's n with stage is perhaps questionable, for in
most channels, roughness generally decreases with increasing stage (Barnes, 1967;
Williams, 1978; Richards, 1982; Hicks and Mason, 1991). For heavily-treed channels
in western New South Wales, however, Graeme and Dunkerley (1993) have shown how
roughness increases with stage, even for flow contained within the banks. Hence, given
the lack of evidence for changes in Manning's n with stage in channels in the Alice
Springs region, the assumption adopted here of a constant value of Manning's n reflects
a compromise between these two tendencies.

If these assumptions of roughness variation are correct, then the calculations of bedload
flux suggest a possible additional explanation for anabranching in the Alice Springs
region. For channels on the Northern Plains, sediment discharge is transport- rather than
supply-limited.

Hence, the constraints of declining downvalley flood peaks, flow

volumes and channel slopes means that not all of the bedload sediment entering a reach of
channel will leave that reach - in other words, input of sand to a reach will exceed output.
For bedload dominated streams transporting relatively fine-grained sediment, much of the
excess sediment can be stored in floodplains or in-channel benches. For streams
transporting coarser bedloads, the majority of the excess sediment will normally be
stored on the channel bed and will result in channel aggradation. For the channels of the
Riverine Plain, Page (1994) has demonstrated that channel aggradation has occurred at
repeated intervals in the past during periods of upstream abundant sediment supply when
input of sand to the Plain exceeds output. For the channels on the Northern Plains,
however, the influence of in-channel trees on sediment-bearing flows (Section 5.6.1.2)
provides a convenient alternative mechanism for the storage of excess sediment through
the growth of in-channel ridges and islands. Stratigraphie investigations of the ridges
and smaller islands (Section 5.5) indicates that the depositional forms are typically
composed of a core of coarse sands and gravels. Hence, where conditions are conducive
to the formation and growth of ridges and islands - such as downstream of tributaries
(Section 5.7) - then large amounts of sand and gravels can be stored and this may enable
some form of balance between flow and sediment transport to be restored.

The suggestion that the fomiation and ridges form as a means for storing excess sediment
provides a possible addition to recent interpretation of anabranching solely as a means of

maintaining or increasing sediment transport (Nanson and Knighton, 1996; Nanson and
Huang, in press). Any improvements in sediment transport resulting from the formation
of ridges and islands and channel narrowing might be seen as purely incidental to the
proximal need to store excess sediment and, in any case, the potential increase in
sediment flux might be counteracted by the likely increases in roughness due to
vegetation colonisation of the ridges and islands. In reality, some combination of these
two tendencies - one to increase and one to decrease the rate of sediment transport - will
probably occur to result in channel forms and rates of sediment transport that attempt to
achieve some sort of long-term balance with the prevailing flow and sediment regime.
For instance, even if sediment storage is the initial reason for the formation of ridges and
islands, flood flows may shape them in such a way as to achieve a channel morphology
that is hydraulically and sediment-transport efficient yet that is still compatible with the
objective of storage. Once a series of ridges and islands are established, the role of
storage may decline in importance as the balance between flow and sediment is restored.
Further work should attempt to define the relative role of the two tendencies for a range
of situations in which anabranching occurs.

5.9

CONCLUSION

River patterns on the Northern Plains of the Alice Springs region vary from single-thread
to multiple-thread due to contrasts in the calibre of transported bed material and pattems of
tributary drainage. For the Sandover and Plenty Rivers, which transport bedloads of
medium to coarse sands, channels are typically single-thread and relatively wide and
shallow. For the Bundey, Woodforde and Marshall Rivers, which transport bedloads of
coarse sands to granule gravels, many reaches are characterised by multiple channels
occurring within a broader channel-train. Channels are relatively deep and narrow and are
separated by in-channel ridges - narrow, flow-aligned, vegetated features - or by larger
islands. The multiple channel patterns are best described as anabranching. Ridges and
islands can be considered either as depositional features (formed in situ by accretionary
processes) or as erosional features (formed by excision from once continuous areas of
floodplain). Vegetation plays a key role in the initiation, survival and growth of the
depositional forms through its influence on flow and sediment transport and as such,
these distinctive fluvial landforms contribute to the growing body of knowledge on
biogeomorphology (Viles, 1988; Hupp et ciL, 1995).

Anabranching can be also related to the influence of tributaries, for both the Bundey and
Marshall Rivers alternate from single-thread to multiple-thread along their length in
response to tributary inputs of water and sediment.

Tributary inflows occur either

independently to or in concert with flows in the trunk channels. Ridges and islands form

downstream of tributary junctions as a result of various depositional and erosional
processes including accretion in the lee of in-channel vegetation, by linear dissection of
floodplains and by the formation and maintenance of deferred-junction tributaries.
Previous references to the influence of tributaries on desert stream channels have included
aggradation (Schümm, 1961b; Mabbutt, 1977; Pickup, 1991), steepening of channel
gradients (Bourke, 1994), increases in width or capacity (Sullivan, 1976; Patton et al,
1993; Bourke, 1994) and damming or partial obstruction of the trunk channel (Woolley,
1946; Schick and Lekach, 1987). Through their influence on river patterns, however, the
effect of tributary inflows on many channels on the Northern Plains is greater than that
previously described for ephemeral drainage systems.
By influencing patterns of velocity and bed shear stress and by providing a store for
sands and gravels, the ridges and islands forming downstream of tributary junctions have
a number of implications for the rates of bedload sediment transport across the lowgradient plains of central Australia. Given the uncertainties surrounding the calculations
of bedload transport, particularly as regards the role of roughness, the exact influence of
anabranching on the rates of bedload flux are unclear at present. Nevertheless, whatever
this influence - be it to increase, maintain or decrease the downstream rate of bedload flux
- the anabranching channel patterns clearly have a role to play in regulating the supply of
sediment from the lowland to the floodout zones. The fluvial geomorphology of the
floodout zones is the focus of the next chapter.

CHAPTER 6
FLUVIAL GEOMORPHOLOGY OF THE Fr.OODOIJT
ZONE
6.1 INTRODUCTION
In many arid and semi-arid regions of the world, headwater channels debouch onto
lowland plains where few tributary contributions are received. Due to a combination of
diminishing downvalley flows, an over-supply of sediment relative to the capacity for
onward transport, declining gradients and sometimes aeolian, structural or hydrologic
obstructions to flow, many channels fail to reach the lowest point in the drainage basin
and channelised flow largely, or completely, disappears. This phenomenon of channel
breakdown is a common occurrence in the arid and semi-arid areas of Australia, with
many early explorers (e.g. Sturt, 1849) referring to the 'gradual exhaustion',
'termination' or 'failure' of many of the desert rivers.
Although the phenomenon whereby channels increasingly lose definition downstream has
been described in various geomoiphic contexts from a number of locations around the
world (e.g. Dubief, 1953; Glennie, 1970; Karcz, 1972; Mukerji, 1976; Sneh, 1983;
Rodier, 1985; Ori, 1989), it is only in Australia that the term 'floodout' or 'flood out' has
been used. This term is in widespread use in Australia and has been used both in the
context of arid-zone fluvial systems (e.g. Slatyer and Mabbutt, 1964; Sullivan, 1976;
Mabbutt, 1977, 1986; Pickup, 1991; Thompson, 1991) and discontinuous gullies (e.g.
Erskine and Melville, 1983b, 1984; Pickup, 1986; Crouch, 1990). However, there is no
rigorous definition of 'floodout', and the term has been used to refer both to a process
(e.g. channels 'flooding out') and to a fluvial form (e.g. the location of a 'floodout'). As
a result, the term 'floodout' has acquired various process connotations and a number of
qualifying adjectives (such as multiple, lateral, intermediate, terminal and compounded)
but, surprisingly, there have been few detailed studies of these processes and forms.
This chapter is an assessment of floodouts in the Alice Springs region with particular
reference to the Sandover, Sandover-Bundey and Woodforde Rivers, and forms a
contribution to a forthcoming edited volume on varieties of fluvial form (Tooth, in press).
The chapter has four main aims: first, to establish a terminology for floodouts in order to
enable comparative studies (Section 6.2); second, to outline the broad factors controlling
the establishment and development of floodouts (Sections 6.3-6.4); third, to illustrate
some of the characteristic surflcial features of floodouts (Section 6.5); and finally to

consider the depositional style of floodouts (Section 6.6). Although specific examples are
drawn from floodouts in the Alice Springs region, it is likely that much of the discussion
will pertain to floodouts elsewhere in arid and semi-arid Australia.

6.2 THE DEFINITION OF ^FLOODOUT'
In the absence of tributary inflows, the bankfull channel capacities of the Sandover,
Sandover-Bundey and Woodforde Rivers decline downstream due to the reduction in
discharge which results from transmission losses and the attenuation of flood waves
(Chapter 4). Although the channels remain well defined for much of their length, in the
lower reaches (floodout zones), capacities eventually decline to the point at which an
increasing proportion of the larger floods reaching this far downstream are diverted
overbank. Eventually, channelised flow and bedload transport of sands and gravels
essentially cease but large floods continue across typically broad, low-gradient alluvial
surfaces which are lightly vegetated with a mixture of trees, shrubs and grasses and
surrounded by aeolian sandplain or low-relief hills.
On the Sandover River, the channel initially disappears on Ammaroo station, some 250
km from the headwater ranges (Chapter 1, Fig. 1.2). Large floods disperse across an area
of approximately 200 km" before a definable network of channels is formed again which
carries floodwaters to the confluence with the Bundey River. Below this junction, the
Sandover-Bundey continues some 55 km further to Goratippra station where it breaks into
several distributary channels which decrease in capacity and eventually disappear. Large
floods disperse across an area of approximately 800 km" with flows occasionally
continuing to Bybby Creek and thence to the Georgina River (Fig. 1.2), part of the
centripetal drainage of Lake Eyre. On the far smaller Woodforde River, the channel
intially disappears around 45 km from the ranges (Fig. 1.2). Large floods disperse over
an area of approximately 40 km^ before a network of channels is formed again. These
channels carry flows a further 22 km before channelised flow disappears once more near
to the confluence with the larger Hanson River (Fig. 1.2).
In terms of the ephemeral channel network as a whole, it is useful to define ÛÎQ floodout
zone as that part of the system where there is an overall marked downstream reduction in
channel capacity compared to reaches upstream and where overbank flows become
increasingly important. The floodout zone consists of the channel tract and the
downstream floodout, which occurs where channels finally terminate. Hence, floodout
can be defined as: 'a site where channelised flow ceases and floodwaters spill across
adjacent alluvial surfaces'. Floodouts occur across a wide range of scales throughout the
Austrahan arid zone and such a definition is inclusive both of floodouts described for

discontinous gullies (e.g. Erskine and Melville, 1983b, 1984; Pickup, 1986; Crouch,
1990) and of the larger examples at the downstream end of ephemeral river systems that
are of prime concern here. The largely unchannelled alluvial tracts and 'run-on' areas
(Churchward and Gunn, 1983) that flank many uplands in the Australian arid zone have
some similarities with floodouts but are not considered further here. As for many
definitions of floodplain (e.g. Bates and Jackson, 1987; Nanson and Croke, 1992) some
process is implicit in the definition of a floodout but only in so far as it describes the
changing nature of flood flows from a channelised to a largely unchannelised form.
The definition of a floodout provided above is a general one and finer distinctions can be
drawn between different types of floodouts based on their location in the drainage
network, such as between intermediate and terminal floodouts. Such terms have been
used in the literature before (e.g. Mabbutt, 1962, 1977, 1986; Adamson et aL, 1987;
Pickup, 1991) but have not been clearly defined. Other loosely-used adjectives such as
'multiple', 'lateral' and 'compounded' are unnecessary as they do not help to clarify the
distinction between different types of floodout. Hence, it is suggested that their use be
discontinued in the description of floodouts.
Thus, an intermediate floodout is defined as: 'a site where channelised flow ceases and
floodwaters

spill across adjacent alluvial surfaces but downvalley

channelises again'.

of which flow

These floodouts occur on the medial or distal reaches of channel

systems and consist both of a distributaiy part (where floodwaters spill across alluvial
surfaces) and a contributory

part (where flow channelises again). Good examples of

intermediate floodouts are found on the Sandover River at Ammaroo station and on the
Woodforde River, with floodwaters initially distributing across the plains before
rechannehsing further downvalley.
A terminal floodout is defined as: 'a site where channelised flow ceases and floodwaters
spill across adjacent alluvial suifaces and ultimately dissipateThese

floodouts are found

at the downstream end of channel systems and consist of a distributary part only. The
second floodout of the Woodforde River and that of the Sandover-Bundey at Ooratippra
are examples of terminal floodouts, for while very large floods occasionally reach the
Hanson and Georgina Rivers (Chapter 1, Fig. 1.2), for most events the

floodouts

represent terminal sites for floodwaters. Good examples of terminal floodouts also occur
in the dunefields of the western Simpson Desert (Fig. 1.2) where several large drainage
systems terminate.
Clearly, floodouts are just one possible end result of the broader processes of channel
breakdown and termination that have been reported elsewhere in the literature. As such,

there is a need to distinguish floodouts from the instances whereby channels terminate in a
playa or a semi-permanent body of standing water such as a swamp (e.g. Williams,
1970b; Ori, 1989; Nanson et ai, 1993a; O'Brien and Burne, 1994; Linton and McCarthy,
1995). Floodouts are predominantly alluvial features which are normally dry except after
flood events or heavy local rains and which differ from the lacustrine, usually saline,
environments of playas or the organic-rich, waterlogged nature of swamps. In the Alice
Springs region, channel breakdown is usually associated with floodouts although some
drainage systems terminate in playas such as Lake Lewis (Fig. 1.2).

6.3 CONTRIBUTORY FACTORS TO THE ESTABLISHMENT AND
DEVELOPMENT OF FLOODOUTS
The common occurrence of floodouts throughout the Australian arid zone can be largely
related to Cainozoic climate changes. Increasing dessication of the Australian continent
during during late Tertiary and Quaternary times has resulted in the retraction and
disintegration of formerly better-integrated drainage networks throughout much of the
inland (Mabbutt, 1962, 1967; Sullivan, 1976; Arakel and McConchie, 1982) leading to
the widespread establishment of floodouts. Within this climatic context, however, more
regional and local scale factors must be responsible for the subsequent development of
floodouts.
Channel breakdown in the distal reaches of ephemeral stream systems has generally been
considered to result from factors such as diminishing flows, increasing sediment loads
relative to the capacity for onward transport and an overall downstream decline in channel
slope (Dubief, 1953; Glennie, 1970; Karcz, 1972; Mukerji, 1976; Sneh, 1983; Ori,
1989). In combination, these act to decrease flow velocities and hence to reduce the
transporting capacity of the stream which eventually leads to channel termination. In
detail, however, channel breakdown has often been noted to occur across a zone of
slightly steepened slopes (Sullivan, 1976; Rodier, 1985). In other instances, aeolian
barriers to flow have been cited as the principal reason for channel breakdown (e.g.
Lancaster and Teller, 1988; Ward, 1988; Langford, 1989). Hydrologie/alluvial barriers
to flow (such as where a trunk channel in flood results in local ponding and sediment
deposition on an adjacent tributary channel) and structural (bedrock) barriers are
additional reasons for channel breakdown (Sullivan, 1976; Mabbutt, 1977). All of these
factors contribute to the development of floodouts in the Alice Springs region (Fig.6.1).
Hence, floodouts establish as the result of four main causes: downstream reductions in
discharge, aeolian barriers to flow, hydrologie/alluvial barriers to flow, and structural
barriers to flow.

a) DOWNSTREAM REDUCTION
IN DISCHARGE

b) AEOLIAN BARRIERS TO FLOW
e.g. Plenty River

e.g. Gidyea Creek
1km
1km

N
Longitudinal
dunes
Edge of floodout
zone
»•

i Floodout

c) HYDROLOGIC/ALLUVIAL BARRIERS TO FLOW
ASSOCIATED WITH TRIBUTARY JUNCTIONS
e.g. Goyder Creek near to the confluence
with the larger Finke River

River

d) STRUCTURAL (BEDROCK)
BARRIERS TO FLOW
e.g. Hale River
,\ \

0

2km

Edge of floodout
zone

Figure 6.1 Sketches to illustrate the contributory factors to floodout development in the Alice Springs
region of central Australia. Scales are approximate only. The size of channels approaching floodouts is
variable and ranges f r o m a few metres to several tens of metres in width. Floodouts range in area from a
f e w km^ at the downstream end of smaller rivers to around 1000 km^ for larger rivers.

These factors are not mutually exclusive and some floodouts may result from a
combination of one or more influences. For instance, downstream reduction in discharge
is common to all floodouts but the geographic

location of the floodout zone is often

determined by other factors such as aeolian, hydrologie/alluvial and/or structural barriers.
Thus, floodouts result from a number of causes and occur in different physiographic
settings, making generalisations difficult. In the case of the Sandover, Sandover-Bundey
and Woodforde drainage systems, floodout development is largely the result of
downstream reductions in discharge and hence this type of floodout is the principal
concern of this chapter.

In the absence of any obstructions to flow, a key issue is the point at which the factors of
downstream reductions in discharge, sediment transport and changes in slope interact to
result in channel breakdown and in the associated establishment of a floodout. A major
limitation in this regard is the paucity of data regarding flow and sediment transport for
the channels in the Alice Springs region. Where flow gauging records do exist they are
generally of limited duration and gauging stations often have not been reliably rated.
Hence, the anecdotal accounts of local pastoralists is sometimes the only available
evidence of the nature of flows reaching the floodouts (Chapters 2 and 4). For the
Sandover River, which receives little in the way of tributary contributions for some 135
km upstream of the terminus of the channel, floods appear to reach the floodout every 3-4
years. For the Sandover-Bundey River, which is joined by several small tributaries at
various points along its length, flows appear to reach the floodout at a more frequent
interval of 1-2 years, as is the case for the smaller Woodforde River where the floodout is
located closer to the upland sources of runoff. Assessment of the frequency of flows
reaching other floodouts in arid Australia (Sullivan, 1976; Mabbutt, 1977) reveals a
similarly varied picture.

Indirect estimates of discharge for the channels in the floodout zone are made difficult by
the uncertain roughness coefficients resulting from the variable distribution of in-channel
trees such as river red gums {E. camaldulensis)

(Graeme and Dunkerley, 1993; Chapter

4). Furthermore, although accounts by local pastoralists indicate substantial sediment
transport during flood events, there are no data from which to evaluate the relative
importance of suspended and bedload transport.

The long profiles of the Sandover, Sandover-Bundey and Woodforde Rivers (Chapter 4,
Fig.4.2) provide little evidence of substantial declines in channel bed slopes as the
floodouts are approached. Bed slopes approaching the floodout of the Woodforde River
are around 0.001 but for the longer Sandover and Sandover-Bundey Rivers they are
lower at around 0.0006. Slopes across the floodouts appear to be in the same order of

magnitude as the upstream channel bed slopes, ranging from around 0.0005 to 0.001.
Descriptions of flows across floodouts suggest that they take the form of a shallow,
steadily creeping flow of water (D. Winstanley, T. Mahney, pers. comm.). Hence, due
to the relatively low slopes and the limited depths and velocities of the unchannelled flows
across floodouts, they are best regarded as 'sheetflows' (sensu Hogg, 1982) rather than
as 'sheetwash' (Pickup, 1991) or 'sheetfloods'.

Quantitative explanations for the development of floodouts will not be be possible until
detailed flow and sediment transport data are collected.

Nevertheless, qualitative

explanations of the location of floodouts are possible by considering their broader fluvial
geomorphic context.

6.4

'EMERGENCE POINTS' OF THE WOODFORDE, SANDOVER AND

SANDOVER-BUNDEY RIVERS
Downstream changes in the nature of the sedimentary surfaces flanking the Sandover,
Sandover-Bundey and Woodforde Rivers have been referred to in previous chapters and
are schematically illustrated in Figure 6.2. For all three drainage systems, the same broad
patterns are evident. Once clear of the uplands, the channels flow through low-lying
depositional plains of varying age and characteristics. In the piedmont, mottled red (2.5
YR 4/8 - lOR 4/8) terraces of gravels, sands and silts typically flank the contemporary
channels and floodplains (Site A, Fig.6.2). These terraces are highly indurated, often
contain abundant pedogenic carbonate and, in conjunction with numerous bedrock
outcrops and remnants of Tertiary-age lateritic weathering profiles (Mabbutt, 1965,
1967), laterally confine the channels.

Further downstream, less indurated red (2.5YR 4/8 - lOR 4/8) terraces of silts and sands
envelope the contemporary channels and floodplains (Sites B and C, Fig.6.2). Although
sometimes inundated during large flood events, these surfaces are referred to as terraces
rather than floodplains as they are a legacy of a former flow regime. In many locations,
the terraces appear in a highly degraded and guUied form or they are obscured by aeolian
sandplain and source-bordering dunes. Nevertheless, they commonly provide a resistant
boundary for the channels which are typically characterised by a series of low-amplitude
meanders (Plate 6.1).
This pattern of channels and floodplains inset within older terraces is a key factor in
maintaining the integrity of the drainage systems as they traverse the low-gradient plains.
Processes of erosion, transportation and sedimentation generally occur within the
confines of the terraces and consequently there is little potential for channel migration or

Mottled red (2.5YR 4/8 - lOR 4/8) terraces
flanking piedmont channels and inset
floodplains. Proportion of gravels, sands
and silts in terraces variable, pedogenic
carbonate often abundant. Terraces typically
highly indurated. Bedrock outcrops and
remnants of Tertiary lateritic weathering
profiles common.
Red (2.5YR 4/8 - lOR 4/8) terraces of
moderately to highly indurated silts and
sands flanking channels and inset floodplains.
Pedogenic carbonate and bedrock outcrops
less common.

Younger, yellowish red (5YR 4/6) to
strong brown (7.5YR 4/6) silts and sands
forming the channel banks and inset
floodplains. Sediments little indurated and
present throughout length of channel system

'Emergence Point': Younger silts
and sands bury older red alluvium
and the channel emerges from the
confines of the terraces. Corresponds
to the start of the floodout zone.

D

F i g u r e 6.2 Schematic illustration of the downstream pattern of alluvial sedimentary units along the
Sandover, Sandover-Bundey and Woodforde Rivers.

The channels and adjoining inset floodplains

commonly bear an open woodland of large phreatophytes, principally river red gums (£.
and coolibahs (E. micwtheca).

camaldulensis)

Older terraces typically support a sparser vegetation of trees and shrubs,

especially mulga {A. aneura), teatrees {Melaleuca

spp.) and ironwood {A. estrophiolata).

Vegetation

variations are often gradational, however, and they do not permit easy distinction between the different
sedimentary units.

Plate 6.1 The channel tract in the floodout zone of the Woodforde River showing the approximate
location of the emergence point. Flow direction is towards the north. The low-amplitude meanders
characteristic of the river upstream of the floodout zone are just visible in the lower portion of the
photograph.

A short distance downstream of the emergence point a prominent splay channel has

breached the right-hand bankline and overbank flows spread for greater distances on either side of the
channel margins. The floodout zone is bordered by low-relief, red earth plains and aeolian sandplain.
(Napperby S F 5 3 - 9 , 1989, N T c I 114, Run 4, 007.

Reproduced by permission of Northern Territory Department of Lands,

Planning and Environment).

Inset Typical bank exposure in the vicinity of the emergence point. Up to 2 m of indurated, red
alluvium underlies 1.5 m of younger, browner alluvium.

for the development of splay and distributary channels. Further downstream, however,
the terraces and floodplains gradually converge. Inset floodplains are less well-developed
and shallow burial of the terraces by younger, yellowish red (5YR 4/6) to strong brown
(7.5YR 4/6), silts and sands eventually occurs. The younger deposits, now forming the
channel perimeter (Site D, Fig.6.2), are little indurated and are relatively erodible. On the
Woodforde River, where burial of the terraces first occurs, stratigraphie exposures on the
cut banks of several meanders typically show an abrupt contact between the underlying
red alluvium and 1-1.5 m of younger, silty sands (Plate 6.1, inset). Downstream of this
point, few further exposures of the red alluvium are found, the banks are formed entirely
of the younger silty sands and the channel is flanked by low-relief alluvial plains (Plate
6.1).

The term emergence point is used here to refer to the emergence of the channel from the
confines of the previously enveloping terraces as a result of burial by more recent alluvial
deposits (Fig.6.2). Sullivan (1976) considered that a zone of aggradation where bedload
is deposited represents the upper limit of the floodout zone. For the Woodforde River,
the upper limit of the floodout zone is where the burial of the terraces first occurs (Plate
6.1), even though bedload transport continues beyond this point. Where the channel
emerges from the confines of the terraces, overbank flows spread for greater distances on
either side of the channel margins and there is greater potential for channel migration.
Hence, this sedimentological change is a key factor in the location of the floodout zone.
On the larger Sandover River at Ammaroo, a similar emergence point can be identified.
Upstream of the floodout zone, the pattern of channel and floodplain inset within older,
red terraces is clear, although many of the terraces are highly degraded with much gully
erosion. In the transition to the floodout zone, the terraces disappear and the channel is
flanked by extensive plains of browner, silty sands. Bank exposures in recently widened
sections of channel typically show red alluvium unconformably overlain by 1.5-2 m of
younger alluvium. Further exposures of the red alluvium are provided in scoured
sections of channel, where it forms an indurated pavement on the bed of the channel.
On the Sandover-Bundey River at Ooratippra, unequivocal evidence of a solely alluvial
emergence point is less forthcoming due to the influence of the low-relief, bedrock plain
abutting the southern mai'gin of the channel. Both the bedrock plain and older alluvial
surfaces of red (2.5YR 4/8) silty sands appear to influence the upper limit of the floodout
zone, for where the channel temporarily meanders away from the bedrock, a complex
pattern of channel breakdown ensues which ultimately results in the adoption of a
distributary channel pattern (Chapter 7, Plate 7.6). Beyond this point, the older alluvial

surfaces disappear and the channels of the Sandover-Bundey River traverse a broad plain
consisting predominantly of yellowish red (5YR 4/6), silty sands.

6.4,1 Patterns of channel breakdown leading into floodouts
As implied in much of the preceeding discussion, the disappearance of confining alluvial
(or bedrock) surfaces in the distal reaches of the Woodforde, Sandover and SandoverBundey Rivers has major implications for fluvial forais and processes in the channel tract.
For all three drainage systems, downstream of the emergence point channel breakdown
rapidly ensues before floodwaters spill across the floodout. Nevertheless, there are
differences in the pattern of channel breakdown for each drainage system (Chapter 4).
On the relatively short Woodforde River, the channel undergoes a general decrease in size
downstream of the emergence point. Cross-sections surveyed at various points (Chapter
4, Fig.4.5c) show the decline in channel capacity to be roughly progressive and to take
place both by narrowing and shallowing of the channel. Width-depth ratios of the
channel are generally in the order of 25-40 and remain relatively constant downstream.
Only in the last 500 m of the channel is there any appreciable evidence of infilling by
sands and gravels. Eventually the channel disappears, bedload transport ceases and
floodwaters spill across the floodout.
In contrast, on the larger Sandover and Sandover-Bundey Rivers, the patterns of channel
change in the floodout zone are far less regular. Downstream of the emergence point, the
channels undergo a series of marked fluctuations in width and depth superimposed on an
overall decline in channel capacity (Chapter 4, Figs.4.5a, b). Width-depth ratios range
between 30 and 250 over distances of 10 km or less with significant steepening of
channel bed slopes occurring in several of the short reaches where the width-depth ratio
decreases to a minimum. In the case of the Sandover River, the decline in bankfull
capacity is especially rapid over the last few kilometres of the channel (Fig.4.5a). In
contrast, the Sandover-Bundey adopts a distributary channel pattern with two channels
that show a roughly progressive and much slower downstream decline in capacity
(Fig.4.5b). As for the Woodforde River, channel capacities of both the Sandover and
Sandover-Bundey Rivers decrease by narrowing and shallowing and there are relatively
few signs of infilling by the sands and gravels that are transported to the termini of the
channels.
In summary, therefore, the patterns of channel breakdown leading into the floodouts of
the three study systems are remarkably varied given that they represent adjacent drainage
systems but some similarities are evident which allow general conclusions to be drawn.

First, in all three instances, the disappearance of channelised flow does not occur due to
channel aggradation (e.g. Schümm, 1961b) but results instead from downstream
decreases in the cross-sectional area of the channels that are cut into the flanking alluvial
surfaces. Second, bedloads of poorly sorted, slightly gravelly sands are transported to
the termini of the channels and thus contrast with the descriptions of the highly sinuous,
suspended load channels in the floodout zone of the Finke River (Mabbutt, 1977).
Statements that all floodouts result from the deposition of bedload followed by the
splitting of the main channel into a number of smaller distributary channels of suspendedload form (Sullivan, 1976; Mabbutt, 1977) are clearly incorrect. Third, the rapidity of
channel breakdown downstream of the emergence point is apparent on all three systems.

6,4.2
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Similar relationships between older terraces and contemporaiy channel-floodplain systems
to those described here have been noted on a number of other drainage systems in central
Austraha. For instance, the tendency for younger drainage systems to be incised into
older alluvium in the proximal and medial reaches has often been referred to (Mabbutt,
1962, 1967; Shaw and Warren, 1975; Arakel and McConchie, 1982; Pickup, 1991;
Bourke, 1994). Furthermore, although the implications for floodout development have
not been explicitly recognised, the pattern of older units dipping beneath younger alluvial
deposits has been alluded to in the distal reaches of other drainage systems in central
Australia (Mabbutt, 1962, 1966; Hays, 1967; Litchfield, 1969).

In addition, several systems draining towards Lake Lewis (Chapter 1, Fig. 1.2), have
been observed by this author to show the pattern of a terrace and inset channel-floodplain
in their proximal and medial reaches together with the tendency for the distinction to
become more blurred downvalley.

Where the distinction between the terraces and

floodplain is at its weakest, the capacity of the trunk channels rapidly decline and the
channels finally terminate in floodouts. Even on these relatively short systems, however,
the burial of the terraces is a very gradual process taking place over some tens of
kilometres and stratigraphie exposures to rival those of the Woodforde and Sandover
Rivers have yet to be found.

It remains to be seen, however, if the concept of the emergence point can be advanced for
other floodouts in the Alice Springs region (such as where they form as a result of
aeolian, hydrologie/alluvial or structural barriers) and for floodouts elsewhere in the
inland. In other areas of arid and semi-arid Australia, floodouts have been noted to occur
where streams emerge from confining bedrock valleys onto low-gradient plains.
Nevertheless, the overall control on floodout development is the same - namely the

transition from a relatively confined channel-floodplain system to a relatively unconfined
system.
6.5 MORPHOSEDIMENTARY FEATURES OF THE FLOODOUT ZONE
As with the patterns of channel breakdown, the floodout zones of the Sandover,
Sandover-Bundey and Woodforde Rivers each have a somewhat unique array of surficial
morphological and sedimentary features, resulting from the interaction of the floodwaters
and alluvial sediments with local topography. Once again, however, some common
patterns can be recognised. Although many features occur widely both throughout the
broader floodout zone and as well as on the floodout sensu stricto, for descriptive
purposes it is nonetheless useful to consider the distinction between the distributary and
contributory parts of intermediate and terminal floodouts.
6.5,1
terminal
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floodouts

6.5.1.1 Splay channels
The geometry and sedimentology of splays have been widely documented in the literature,
both from the rock record (e.g. Stear, 1983; Piatt and Keller, 1992) and from modern
field examples in deltaic (Fisk et aL, 1954; Coleman et al, 1964; Amdorfer, 1973; Elliott,
1974) and riverine settings (Coleman, 1969; Rust, 1981; Erskine and Melville, 1983a;
O'Brien and Wells, 1986; Smith and Smith, 1980; Smith, 1983; Smith et al, 1989; Miller
and Parkinson, 1993). On the Sandover, Sandover-Bundey and Woodforde Rivers,
splays are rarely developed upstream of the emergence point but they are prominent
features of the floodout zones. By dispersing water and sediment from the trunk
channels, splays are a major contributory factor to the typically rapid downstream decline
in channel capacity through the floodout zone (Section 6.4.1).

However, the

characteristics of the splay environment take a slightly different form on each drainage
system.
On the Sandover-Bundey River at Ooratippra, a large number of splays diverge from the
three distributary channels that traverse the floodout zone. The majority of splays are
small features (less than 0.5 km^) that diverge from the parent distributary channels at
high angles (80-90°). In plan, the features are usually lobate and extend across the
floodplain for several hundred metres (Fig.6.3a). Levees are poorly developed or absent
along the channels at Ooratippra, and the cross-valley gradient of the floodplains
bordering the channel are generally very low. Despite these low-gradients, water and
sediment is supplied to each splay by a well-defined feeder channel emanating from a
breach in the banks of the parent channel. For the most part, the splays are incised on the
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Figure 6.3 Typical geometry of splay channels in the floodout zone of the Sandover-Bundey River,
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surface of the floodplain and transport bedloads of slightly gravelly, medium to coarse
sands. Hence, the term splay channel is used to describe these features.

Surveyed sections (Fig.6.3a) illustrate the typical changes in splay channel cross-sectional
geometry with increasing distance from the parent channel. At the point of avulsion, the
splay channels are roughly rectangular in section with width-depth ratios typically ranging
between 40 and 100. Bankfull capacities are small compared to the capacities of the
parent channels and are usually less than 60 m^ Within a few hundred metres of the
parent channel, width-depth ratios increase, bankfull capacities decrease and the splay
channel often splits into a series of smaller distributary channels (Fig.6.3a). The number
of distributary channels varies from one splay to another but many larger examples are
characterised by a dense network of channels in the distal parts. Bankfull capacities of
these distributary channels gradually decrease towards the outer margins of the splay and
the channels ultimately grade into the surface of the floodplain (Fig.6.3a).

In addition to these small splay channels, there ai-e also larger examples both at Ooratippra
and on the Woodforde River. In these instances, well-defined channels with rectangular
cross-sections and bankfull capacities around 80-100 m" siphon water and sediment from
the parent channel. They display less evidence of the lobate planforms typical of smaller
splays and tend to extend in the downvalley direction due to flanking bedrock, older red
earth plains or aeohan sandplain at the margins of the floodout zone (Plate 6.1; Chapter 7,
Plate 7.6). Some splay channels persist for 2-3 km downvalley before decreasing in size
and gradually petering out in diffuse networks of small, heavily vegetated, sandy
channels. Given the size of these features, they might be considered as distributary
channels. The term splay channel is also used here, however, for two main reasons.
First, the bankfull capacities of these channels are very small relative to the parent
channels. Second, in common with the smaller splay channels, they transport water and
sediment to distal parts of the floodplain with a gradual decrease in the depth of incision
and the thickness of transported sands.

In contrast to the well-defined splay channels on the Sandover-Bundey and Woodforde
Rivers, the features on the Sandover River at Ammaroo are relatively poorly deflned. The
majority are found just upstream of the point where the former line of the Sandover was
abandoned during the 1974 flood and a new channel carved into the floodplain sediments
(Chapter 7, Plate 7.5). Angles of divergence from the parent channel are slightly less
than on the Sandover-Bundey and Woodforde Rivers but are still high at around 70-80°.
On the ground, the features appear as a dense network of poorly defined swales up to 0.5
m deep that breach low points in the margins of the parent channel and traverse the
surrounding floodplain for short distances (<1 km).

Long profiles of splay channels, surveyed in the approximate direction of progradation
(Fig.6.3b), show that the beds of the splay channels are often 0.3-1.0 m higher than
those of the parent channel. In some instances, the elevation difference may be as much
as 2 m. Bars of slightly gravelly sands overlying fine-grained floodplain sediments
commonly separate the parent and splay channels. Where banklines are well vegetated, a
line of trees sometimes extends across the bar but splay channel beds in proximal and
medial parts of the splay are otherwise sparsely vegetated. In contrast, a dense network
of trees (principally Eucalyptus spp.) and shrubs often colonises the channel beds and
inter-channel areas in the distal pai'ts. Bed slopes of the splay channels are usually very
low (<0.001) with slight reverse slopes characteristic of the distributary channels in the
distal parts (Fig.6.3b). At the termini of the channels, the sands sometimes prograde
across the fine-grained floodplain sediments as small tongues of sediment which end in
slip faces up to 0.1 m high. In a few instances, flows appear to have diverted around the
outside of these distal tongues of sediment. Progradation of the distal lobes means that
the outer margins of the larger splays are sometimes dentate or feathered in plan. In other
instances, however, disturbance by cattle, aeolian reworking or dense vegetation means
that the distal margins of the splays are very poorly defined.

Grain size analyses show that the bed material transported by the splay channels is similar
in calibre to the bed material in the parent channels (Fig.6.4). This demonstrates that the
splay channels siphon bedload from the parent channels. Bedload transport of gravel
along ramp surfaces has been previously described as a common mechanism for moving
coarse materials onto upper point-bar and low floodplain surfaces (Ritter, 1975; Knox,
1987) and a similar process must be responsible for transporting bedload up the bars of
slightly gravelly sands that separate the parent and splay channels. There is some
evidence of bed material fining along the length of the splays, although aeolian deflation
of the finer fraction of the material in the distal lobes sometimes counteracts this tendency.
Splay channel beds are typically planar with little evidence of bedform development. The
dry, uncohesive sands and gravels limits the opportunity for trenching of splay channel
beds but general observations suggest that the fills are massive or weakly parallellaminated with occasional tabular cross-bedding in the slip faces of the distal lobes. The
depth of the channel fill rarely exceeds 0.5 m in the proximal parts of the splay and
typically shallows to 0.1 m or less in the distal parts.

Hence, there are no deep

accumulations of sands and gravels. In the distal parts of some splays, the channel beds
are devoid of bedload sands, exposing the underlying floodplain sediments. In these
instances, channels are often semi-circular in cross-section.

Although differing in detail, the geometry and surficial topography of splay channels on
the Sandover, Sandover-Bundey and Woodforde Rivers contrast with many previous
descriptions of splays in the hterature. Most previous studies have described the crevasse
splays which are formed predominantly by sheet and channelised flow in response to
initial breaching of levees (e.g. Coleman, 1969; Erskine and Melville, 1983a; O'Brien and
Wells, 1986; Smith et al, 1989) but these differ in a number of respects from the splays
described here. First, levees are often poorly developed or absent along the channels of
the Sandover, Sandover-Bundey and Woodforde Rivers and although splays are most
likely to be initiated at low points in the margins of the parent channel, they can form
without the need for crevassing of levees. From the final form of splays it is not always
possible to establish the initial causes of avulsion, but on the Sandover-Bundey and
Woodforde Rivers many splays are located on the outside of channel bends, suggesting
that they may be initiated as a result of superelevation of the water surface during flood
flows (Allen, 1977; Schumann, 1989).
Second, descriptions of crevasse splays have generally documented how, beyond the
initial scoured crevasse channel, splay sediments rest depositionally upon the underlying
substrate and channels are incised within the sandier splay sediments (e.g. Coleman,
1969; Erskine and Melville, 1983a; O'Brien and Wells, 1986; Smith et aL, 1989). In
contrast, the splay channels of the Sandover, Sandover-Bundey and Woodforde Rivers
are incised into the fine-grained floodplain sediments and thus have erosional bases. In
particular, the well-defined banks at the point of avulsion from the main channel are
highly unusual features of these splay channels. As for the formation of erosional ridges
and islands (Chapter 5), the slaking of floodplain sediments under running water is
probably a key factor in enabling incision and channelisation of the splays on the surface
of the floodplain.
Third, in contrast to many crevasse splays, where sands are predominantly derived by
material suspended in floodwaters (e.g. Coleman, 1969; Erskine and Melville, 1983a),
the splay channels of the Sandover, Bundey and Woodforde Rivers transport bedloads of
coarse sands and gravels which differ little in texture from the bed material in the parent
channels. These coarse-grained sediments contrast with the underlying, predominantly
fine-grained, floodplain sediments and are largely contained within the channels, apart
from small tongues of sediment at the distal margins of the splays.

6.5.1.2 Fluvial-aeolian interactions
A number of researchers have referred to fluvial-aeolian interactions in the distal reaches
of arid environment drainage systems, both in Australia (e.g. Mabbutt, 1963, 1967;
Callen and Bradford, 1992; Nanson et ciL, 1995) and in the deserts of Africa and North
America (e.g. Glennie, 1970; Langford, 1989; Lancaster and Teller, 1988; Ward, 1988)
but the details of these interactions and the resulting deposits have received relatively little
attention. In the floodout zones of the Alice Springs region, where fluvial processes are
competing against the aeolian domain, there are a number of different fluvial-aeolian
interactions, particularly where aeolian obstruction is the principal cause of floodout
development (Fig.6.1). In the case of the Sandover, Sandover-Bundey and Woodforde
Rivers, however, where the floodouts result primarily from downstream reductions in
discharge and are located in low-relief settings far from the ranges, the interactions are
very subde in their characterisation.
The principal aeolian deposits on the Northern Plains of the Alice Springs region are
extensive areas of sandplain (Mabbutt, 1967) - low-relief areas of sand that have few
definable dune forms - and source-bordering dunes. For all three drainage systems,
sandplain and source-bordering dunes interact with the deposition of overbank fines along
the margins of the floodout zone. Thin (<0.01 m) layers of alluvial silts and clays are
deposited over the aeolian sands following flood events but due to the infrequent and
shallow flows in the floodout zones the rates of aggradation are extremely slow and
sedimentary structures rarely preserved. Furthermore, in the floodout zone of the
Sandover-Bundey River, narrow swales carry floodwaters from the channels to a number
of pans (Goudie and Wells, 1995) isolated in the sandplain. Such pans can be found up
to 4 km from the channels, are generally elliptical to rounded in shape and are usually less
than 0.25 km^ in area. Trees such as coolibah (E. microtheca) are found around the
margins of the pans with gilgai soils and cracking clays in the centre of the depression.
In addition to interactions at the margins of the floodout zones, large patches of aeolian
sandplain or source-bordering dunes up to 5 m high and 1.5 km" in area have been
isolated in the middle of the floodout zones where they have been surrounded by more
recent alluvial deposits. Hence, local aeolian relief is slowly being incorporated into the
alluvial sedimentary sequences by the vertical accretion of sands and muds (Chapter 7).
The floodout zones of the Sandover, Sandover-Bundey and Woodforde Rivers thus
demonstrate a number of fluvial-aeolian interactions but it must be noted that other
floodouts, particularly those in the extensive dunefields of the Simpson Desert, are likely

to provide a vast range of other examples. In such situations, where declining
downvalley flows are competing against the aeolian domain, a continuum of subtle
patterns and forms dependent on local circumstances is likely to be the result. As such,
the interactions and the resulting forms are likely to defy easy classification.
6.5.1.3 Waterholes
Waterholes are natural holes, hollows or small depressions that contain water (Bates and
Jackson, 1987) and can be found in various geomorphic settings in arid and semi-arid
Australia (Argue and Salter, 1977; Knighton and Nanson, 1994b). In the Sandover and
Bundey catchments, waterholes are found in several piedmont channels, in locally
scoured sections of channel in the floodout zone (Chapter 4), and at the confluence of the
two rivers (Section 6.5.2). Although there have been no previous references to
waterholes on floodouts, prominent waterholes up to 1.5 km in length and 2-3 m deep are
found at several different locations on the extensive terminal floodout of the SandoverBundey River and on a number of other floodouts in the Alice Springs region. Many of
these waterholes are named, such as the Landerandera and Argadargada waterholes on the
Sandover-Bundey floodout, which implies a high degree of permanence for the features.
Waterholes are not present on the floodouts of the Woodforde or Sandover Rivers but in
the case of the Sandover, numerous narrow depressions lined with silts and clays (Plate
6.2) occur between patches of aeolian sandplain and hold water for short periods after
floods. Thus, waterholes and related features also appear to be a common though
localised feature of floodouts in the Alice Springs region.
6.5.1.4 Transverse bedforms
One prominent feature of the floodout zone of the Sandover River is the existence of a
'transverse bedform field' (Patton et al, 1993, p.207). These features are most visible
on aerial photographs taken in 1950 (Plate 6.2) before the expansion of pastoralism in the
area obscured many of the subtle surficial fonns in the floodout zone.
Plate 6.2 illustrates that the features assume the form of a series of wavy, sinuous-crested
'ripples'. They start just downstream of the emergence point and are widely distributed
throughout the floodout zone, particularly to the north of the Sandover River. Where they
are well-deflned, wave lengths are typically in the order of 100-250 m with amplitudes
between 0.3-0.4 m. Up to 20 ripples can occur within each train and crestline lengths of
individual ripples are generally between 350 and 700 m. Although hard to flnd on the
ground, aerial photographs and topographic surveys reveal gentle stoss slopes and steeper
lee slopes (Fig.6.5).

Plate 6.2 Part of the transverse bedform field in the floodout zone of the Sandover River as evident in 1950. The succession of stoss and lee slopes on each ripple is
characterised by alternately darker and lighter tones respectively. Where flow constriction has occurred between areas of sandplain, narrow depressions have scoured into the
underlying sands. See Fig.6.5 for section A-A'.

(Elkedra, SF53-7, 1950, S V Y 873, Run 12, 5202.

Group, Department of Administrative Services, Canberra, ACT).

Reproduced by permission of the General Manager, Australian Surveying and Land Information

Topographic survey of transverse bedforms, Ammaroo (V.E.=20)
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Topographic survey of transverse bedforms in the floodout zone of the Sandover River.

See Plate 6.2 for location of surveyed transect.
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Figure 6.6 a.) Grain size curves for material in upper 4-8 cm of transverse bedforms in the floodout
zone of the Sandover River, b.) Grain size curves for material in upper 4-8 cm of transverse bedforms
compared to material from the bed of the Sandover River. In each case, the curves represent the average of
three samples.

Similar features have been identified in a number of arid and semi-arid locations in
Australia where they have been interpreted either as essentially erosional features (scalds)
resulting from occasional sheetfloods (Mabbutt, 1977, 1986) or as the deposits of rare,
very large sheetfloods (Rust and Gostin, 1981; Pickup, 1991; Patton et ai, 1993).
Pickup (1991, p.466) refers to such features as 'megaripple systems' but the term
'megaripple' would seem to have a more specific meaning in the sedimentological
literature (e.g. Reineck and Singh, 1975). Nevertheless, a fluvial origin for these features
is also the favoured explanation here, for two main reasons. First, the ripple trains are
generally oriented in the direction of downvalley flows and second, the paths taken
around, and between, patches of aeolian sandplain (Plate 6.2) would tend to rule out an
aeolian origin. The distribution and pattern of the ripples throughout the northern part of
the floodout zone far from the present-day channel, however, suggests that they are either
the product of very rare flood events or that they are unrelated to contemporary flood
flows.
Shallow (0.5 m deep) trenches excavated on the lee slopes reveal an upper 4-8 cm of
poorly sorted sands and granule gravels in a silt matrix overlying structureless silty sands.
In two of three examples (Fig.6.6a), a considerable fraction of very coarse sands and
granules in the -0.5 to -2 phi (1.4-4.0 mm) range is noticeable. The average size
distribution, compared to sands from the bed of the Sandover River in the floodout zone,
further demonstrates the poor sorting and coarse nature of the material in the ripples
(Fig.6.6b).
In general, the stoss slopes of the ripples are fairly well vegetated with a mixture of taller
trees over shrubs and grasses. The sinuous crests and lee slopes of the ripples are less
vegetated and the coarse sands are often scattered over the surface, in some instances
being reworked by the activity of ants. A sharp junction between these sands and a bare
surface of silty sands at the base of the lee slope is evident in many places, with the swale
between the vegetated stoss slope of the next ripple often taking the appearance of a large
scald.
On the basis of the coarse sands and granules, the ripples at Ammaroo are interpreted as
depositional bedforms constructed by one or more very large floods, although erosion of
the swales between the ripples by subsequent smaller floods and/or local rainfall events is
not discounted. Unfortunately, as the deposits are very thin and subject to bioturbation
they cannot be dated using thermoluminescence and, furthermore, they contain no original
organic material for radiocarbon dating. As a consequence, little can be said about the
age or nature of the floods responsible for the formation of these features, other than to
echo Pickup (1991) by commenting that the floods must have been considerably larger

than those experienced in the 100-110 years of European settlement in the region.
Previous descriptions of such features in the Alice Springs region have been from
piedmont settings close to the ranges (e.g. Pickup, 1991; Patton et ciL, 1993) but the
features at Ammaroo are unusual in that they are found some 240 km from the headwater
ranges.
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The distinguishing feature of intermediate floodouts is the persistence of largely
unchannelled flows through the distributary part of the floodout which concentrate into
more defined channels downvalley.

Rechannelising flow occurs on a number of

floodouts in the Alice Springs region but only Pickup (1991) has briefly referred to the
phenomenon. Such reforming channels tend to occur as a result of two main causes:
tributary inflows and flow constriction (Fig.6.7).

Where floodouts occur close to

uplands, the extra volume of floodwater supplied by tributaries may be a significant factor
in promoting rechannelisation (Fig.6.7a) by enhancing the potential for erosion of the
floodout deposits and by enabling the newly-incised channels to persist downvalley.
Where floodouts occur far from the uplands, however, constriction of the unchannelled
flows across floodouts by aeoUan or alluvial deposits or by bedrock highs appears to be
the key factor in their formation (Fig.6.7b).

Tributary inflows and flow constriction are not mutually exclusive, however, and in many
instances channels can reform as a result of both factors. For example, the reforming
channels of the Sandover and Woodforde Rivers occur largely as a result of flow
constriction but nevertheless receive runoff from higher surfaces surrounding the
floodouts. Given the absence of flow data for the reforming channels of the Sandover
and Woodforde Rivers quantitative statements regarding the magnitude and frequency of
flows cannot be made. The accounts of local pastoralists, however, suggest that flows
only reach the reforming channels at infrequent intervals: about every 4-5 years for the
Sandover River and every 3-4 years for the Woodforde River.

Surveyed cross-sections from the reforming channels of the Sandover and Woodforde
Rivers illustrate the characteristic downvalley changes in channel morphology (Fig.6.8).
In both catchments there are two main reforming channels which follow independent,
often sinuous, courses (Plate 6.3) for up to 15 km before they merge further downvalley.
Only the more accessible of the Sandover channels is illustrated in Figure 6.8a.
Reforming channels start as largely unchannelled alluvial tracts lined with silts or fine
sands and which are vegetated with coolibah trees (£. microtheca) or mulga {A. aneurd).
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Figure 6.7 Sketches to illustrate the contributory factors to the development of reforming channels in
the Alice Springs region of central Australia.
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Figure 6.8 Surveyed cross-sections from the reforming channels of the Sandover and Woodforde
Rivers. For each section, the approximate distance downstream of the intermediate floodout is indicated.
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Further downvalley, these alluvial tracts develop into small channels cut into older,
typically indurated alluvial deposits. On the western channel of the Woodforde River
(Fig.6.8b), incision occurs at a 1-1.5 m high knickpoint, exposing fluvial pebble gravels
set in a matrix of highly indurated, mottled, silty sands (Plate 6.4). Similarly, in the
reforming channels of the Sandover River, large volumes of coarse sands, pebbles and
cobbles are derived from erosion of the older alluvial units into which the channels are
cut. On both the Sandover and Woodforde Rivers, erosion of these older alluvial units
and the surrounding aeolian sandplain means that the amount of bedload transported
progressively increases downstream. In the reforming channels of the Sandover River,
bedload consists of medium to coarse sands but in the Woodforde channels, bedload is
typically fine to medium sands.

In both catchments, the downvalley increases in the size of the reforming channels and the
amount of bedload occur in conjunction with the development of narrow floodplains set
against the flanking sandplain or red eaiths and with an increase in the number of river red
gums {E. camaldulensis)

lining the channel banks. With increasing distance downstream,

however, the reforming channels of the Woodforde River start to decline in size once
more (Fig.6.8b) and they eventually merge as one small channel before terminating in a
diffuse network of small distributary channels near to its junction with the Hanson River.
In contrast, downstream of the confluence of the reforming channels of the Sandover
River, there is a further increase in the size of the channel, particularly where it is joined
by Atcherie Creek, a small tributary arising on the higher ground to the north of the
floodout zone. A few hundred metres upstream of the confluence with the Bundey River,
the sandy channel of the reformed Sandover River narrows and deepens (Fig.6.8b), the
amount of sand on the bed of the channel markedly decreases and bed scour has resulted
in the formation of a waterhole at the confluence of the two rivers.

From these descriptions of the reforming channels of the Sandover and Woodforde
Rivers, together with field observations of other reforming channels in the Alice Springs
region, a number of general conclusions can be drawn regarding the typical characteristics
of channels forming downstream of intermediate tloodouts. First, one or more channels
can reform which have different channel morphologies, perimeter sediments and
vegetation relations compared to the upstream channels. Where channels first start to
reform, the limited channel capacities, reduced bedloads, typically indurated nature of the
perimeter sediments and the greater proportion of tree species such as E. microtheca and
A. aneura

among the riparian vegetation are all in stark contrast to the channels

approaching the floodout. Reforming channels can either join a larger drainage system
(as in the case of the Sandover River), dissipate in a terminal floodout (as for the
Woodforde River), or disappear in an intermediate floodout and reform again.

Second, in many instances, reforming channels are associated with noticeably steepened
bed slopes. For example, bed slopes approaching the floodout of the Sandover River are
around 0.0006 but increase to around 0.0008-0.001 in the upper reaches of the reforming
channels. Similarly, on the Woodforde River, bed slopes approaching the floodout are
around 0.0014 but increase to around 0.002 in the upper reaches of the reforming
channels (Chapter 4, Fig.4.2a, c). In both instances, the increased channel bed slopes
seem to correspond with slight steepening of the valley gradients which may provide the
energy necessary for the largely unchannelled alluvial tracts on the downvalley side of the
floodout to rechannelise (Fig.6.8a, b). On both rivers, bed slopes decrease further
downvalley with slope values similar to that of the channels approaching the floodout.
On the reformed Sandover River, however, a pronounced increase in bed slope to around
0.002 also occurs just a few hundred metres above the junction with the Bundey River
where there is marked narrowing and shallowing of the channel (Fig.6.8a).
Finally, aerial photographs for the Alice Springs region taken in the 1950s indicate that
reforming channels are often relatively stable features of floodouts. Although many
rivers in the region have changed significantly since 1950 due to the recent series of large
floods (Pickup, 1991; Patton et al, 1993; Chapter 8), on the Sandover and Woodforde
Rivers very little change has occurred to the network of reforming channels during this
time.
6.6

FLOODOUT ZONES OF CENTRAL AUSTRALIA: FLOODPLAINS

OR FANS?
6.6,1

Alluvial fans and floodout

zones of central

Australia

In the Alice Springs region, evidence of prior channel avulsions downstream of upland
ranges (Litchfield, 1969; Freeman, 1986) and the aggradational tendencies of many
floodplain systems (Pickup, 1991) both have similarities with the processes on alluvial
fans. Furthermore, there are similarities between the emergence points of floodout zones
and the intersection points on alluvial fans, which describes the point where an incised
channel emerges onto the fan surface (e.g. Hooke, 1967; Wasson, 1974; Bowman,
1978). The tendency for flow and sediment processes to 'fan out' downstream of the
emergence point (Plate 6.1), the eventual disappearance of channelised flow and features
such as transverse bedform fields and rechannelising flow also have parallels with the
forms and processes on alluvial fans. As a result, there is much confusion over the
depositional styles of the drainage systems in the region.

Indeed, many authors

(Mabbutt, 1962, 1967; Litchfield, 1969; Freeman, 1986; Stidolph et al, 1988) seem
unsure whether to define the drainage systems as floodplains or fans, and the two terms

have often been used interchangeably. To date, the most comprehensive statement on this
issue has been provided by Pickup (1991), who considers that the central Australian
drainage systems have the characteristics of both floodplains and alluvial fans.

To a large extent, the confusion over the definition of the central Australian drainage
systems may be a reflection of the vigorous debate in the geomorphic literature as to the
definition of alluvial fans and whether they can be distinguished from other fluvial
systems.

The term 'alluvial fan' generally been used to refer to steeply-sloping,

sedimentary deposits which radiate downslope from a point where a channel emerges
from an upland catchment (e.g. Bull, 1977; Rachocki, 1981).

However, the term

'alluvial fan' (or 'subaerial fan') is now commonly applied to a broad spectrum of fluvial
geomorphic features that deposit sediment in a fan-shaped form, including types of
relatively low-gradient, braided, distributary and meandering fluvial systems (e.g.
Schümm, 1977; Boothroyd and Nummedal, 1978; Miall, 1978a, 1992; Riley and Taylor,
1978; Adamson et aL, 1987; Wells and Dorr, 1987a, b; Gohain and Parkash, 1990;
Callen and Bradford, 1992; Stanistreet and McCarthy, 1993).

As a result of the ambiguous and confusing use of the term 'alluvial fan', McPherson and
Blair (1993) and Blair and McPherson (1994a, b) have recently attempted to re-establish
the distinctiveness of alluvial fans from rivers on the basis of morphology, hydraulic and
sedimentary processes, and facies assemblages. Although these suggestions are not
beyond contention (e.g. Nemec and Steel, 1988), on the basis of the criteria outlined by
Blair and McPherson (1994a), the drainage systems in the Alice Springs region are
clearly best described as river systems rather than as alluvial fans. By virtue of the axial
lengths, hydrology, sedimentary processes and the predominantly fine-grained deposits,
the depositional tracts in the proximal and medial reaches of the drainage systems are
undoubtedly characterised by floodplain

formation. The floodout zones in the distal

reaches are more difficult to classify, possessing features common to both floodplains
and alluvial fans. However, the geomorphic setting in low-gradient plains, the often
large areal extent and the relatively fine-grained deposits typical of floodout zones
differentiates them from alluvial fans. Even where floodout zones occur closer to the
uplands, the low gradients and fine-grained deposits still distinguish them from alluvial
fans.
6.6.2

Terminal

fans

and floodout zones

of central

Australia

A limitation to a more restricted definition of alluvial fan, however, is that past use is
likely to ensure that the term 'fan' will continue to be applied to a wide range of fluvial
features that deposit sediment in a fan-shaped form yet that may depart considerably from

the criteria of Blair and McPherson (1994a).

As a case in point, Mukerji (1976)

introduced the term 'terminal fan' (or 'inland fan') to characterise the distal reaches of
inland streams that occur widely in the Sutlej-Yamuna Plains of the Indian subcontinent.
Following Mukerji's (1975, 1976) and Parkash et al's (1983) work on the Markanda
terminal fan, similar modern depositional systems have been recognised (Abdullatif,
1989) and many ancient sedimentary sequences have also been interpreted as the deposits
of terminal fans and related drainage networks (e.g. Friend, 1978; Tunbridge, 1984;
Olsen, 1987; Kelly and Olsen, 1993a, b; Sadler and Kelly, 1993).
In terms of geomorphic setting, as well as in aspects of morphology and sedimentology,
terminal fans appear to have similarities with the floodout zones in the Alice Springs
region. Despite some similarities, however, there are also a number of differences
between floodout zones and terminal fans. First, floodout zones generally lack the
extensive distributary channel networks defining terminal fan systems (Olsen, 1987;
Kelly and Olsen, 1993a) although there are exceptions, such as the Landar River which
breaks down in an extensive distributary/anabranching network approaching its
intermediate floodout. Both the Woodforde and Sandover-Bundey Rivers show varying
degrees of distributary development in the floodout zone but even in these instances the
fan-shaped form of deposition is only weakly developed (Plate 6.1), largely due to lateral
confinement by aeolian sandplain or red earth plains. Second, terminal fans form largely
as a result of downstream reductions in discharge (Kelly and Olsen, 1993a) but floodout
zones also result from factors such as aeolian, hydrologie/alluvial and structural barriers
to flow (Fig.6.1). Finally, and most importantly, their common location on medial or
distal reaches of drainage systems where channels reform downstream of the floodout, is
a key characteristic differentiating many floodout zones from terminal fans. In short,
floodout zones are not necessarily terminal nor does deposition necessarily assume a fanshaped form.
In view of the differences from alluvial and terminal fans, and to avoid the problematic
use of the term 'fan', it is suggested here that floodouts are best regarded as part of the
continuum of floodplains.

In the floodout zone, the disappearance of channelised flow

means that floodplains {sensu Nanson and Croke, 1992) grade into floodouts in the
downvalley direction. Hence, in many respects floodouts can be regarded simply as
channel-less floodplains which vertically accrete fine-grained alluvial sediments. Graf
(1988b) has described the broad 'flow zones' without clearly marked banks found in
areas of southwest Arizona but, as with floodouts, the absence of channels means that it
is difficult to reconcile these distinctive varieties of fluvial form with traditional definitions
of floodplains (e.g. Bates and Jackson, 1987) or with floodplain classifications (e.g.
Nanson and Croke, 1992).

6.7

CONCLUSION

This chapter has illustrated a range of features characteristic of the distal reaches of the
Sandover, Sandover-Buiidey and Woodforde Rivers, many of which have not previously
been described and for which no adequate terminology presently exists. Floodouts in the
Alice Springs region can establish a result of a number of factors (Fig.6.1), but in the
absence of any obstructions to channelised flow, the burial of upstream terraces by
younger alluvial deposits is a key factor in the location of the floodout zone.

The

emergence point describes the location where the channel leaves the confines of the
terraces. This may occur over a short distance, such as on the Woodforde River, or it
may involve a gradual transition over tens of kilometres, such as on the larger Sandover
and Sandover-Bundey systems. Downstream of the emergence point, overbank flows
and sedimentation processes spread for greater distances on either side of the channel
margins, a situation which has major implications for channel-floodplain forms and
processes. Declining channel capacity through the floodout zone eventually results in a
floodout, defined as the point where channelised flow disappears and floodwaters spill
across adjacent alluvial surfaces. Floodouts can establish on both intermediate and
terminal parts of channel systems and are characterised by a range of morphosedimentary
features such as splay channels, aeolian-fluvial landforms, waterholes, transverse
bedforms and reforming channels.

The Sandover, Sandover-Bundey and Woodforde Rivers illustrate the typical
characteristics of floodouts on the Northern Plains of the Alice Springs region but the
study of a greater range of floodouts in different geomorphic settings, such as in the
western Simpson Desert, will undoubtedly reveal other patterns of channel breakdown
and associated morphosedimentary features. In such low-gradient settings far from the
ranges, local topographic and random environmental influences tend to predominate over
hydraulic factors leading to a multiplicity of fluvial features that are often very subtle in
their characterisation. Nevertheless, it is likely that the concept of the floodout zone, the
broad factors influencing the development of floodouts and the distinction between
intermediate and terminal floodouts will be of more general applicability.

Olsen (1987) considers that a rapid downstream decrease of stream flow occurs within a
limited area in three different types of depositional systems: deltas, alluvial fans and
terminal fans. Hence, the floodout zones of central Australia can be seen as an important
addition to this spectrum. The floodout represents a variety of fluvial form which is
distinct from alluvial fans and terminal fans and which is best considered as part of the

continuum of floodplains. Hence, attention is also given to floodouts in Chapter 7, which
focuses on floodplain forms, processes and sedimentary sequences.

CHAPTER 7
FLOODPLAIN FORMS. PROCESSES AND
SEDIMENTARY SEOUENCES

7.1

INTRODUCTION

In arid and semi-arid regions, as in more humid regions, alluvial channels adjust their
hydraulic geometry and build surrounding floodplains in such a way as to produce stable
conduits for the transport of water and sediment (Nanson and Croke, 1992). Despite
this, floodplains of desert channels are relatively poorly accounted for in the literature. In
part, this may result from the great diversity of fluvial processes in arid and semi-arid
regions (Olsen, 1987), whereby flood flows may be largely channelised (e.g. Karcz,
1972; Picard and High, 1973), largely unchannelled (e.g. Jutson, 1919; Graf, 1988b) or
show a combination of both channelled and unchannelled flow (e.g. Sneh, 1983), such
that it is difficult to generalise about floodplains. Such diversity of fluvial process is also
characteristic of the Alice Springs region and it has resulted in a variety of floodplain
types both along and between different drainage systems.

This chapter consists of two parts. The first part starts with a brief overview of the
changes in the character of floodplains along the length of the Sandover, Bundey and
Woodforde Rivers (Section 7.2). It then considers the main processes of floodplain
formation and destruction (Section 7.3-7.4) before comparisons are made with previous
descriptions of floodplains both in the Alice Springs region and other arid and semi-arid
environments (Section 7.5). As a result of the distinctive fluvial geomorphology and
potential preservation of Quaternary alluvial sedimentary sequences in the distal reaches,
the second part of the chapter gives particular attention to the stratigraphy and
sedimentology of floodplains in the floodout zones of the Sandover, Sandover-Bundey
and Woodforde Rivers (Section 7.6) and draws comparisons with the deposits of other
low-gradient, semi-arid and arid fluvial systems (Section 7.7). Finally, consideration is
given to the nature of the long-term sedimentary record on the Northern Plains of the
Alice Springs region (Section 7.8). Hence, this chapter provides a description of the
depositional environment of the Northern Plains both in terms of contemporary floodplain
forms and processes and alluvial sedimentary sequences. The chronology of floodplain
formation is considered more fully in Chapter 8.

7.2

DOWNSTREAM CHANGES IN FLOODPLAIN MORPHOLOGY

The floodplains of the Sandover, Bundey and Woodforde Rivers change in character in
the downstream direction. In a general sense, these floodplain changes correspond with
the changing channel morphologies, hydraulics and sedimentary characteristics in the
upland, piedmont, lowland and floodout zones (Chapter 4). Such an association is to be
expected for the genetic link between alluvial channels and floodplains has long been
recognised (Nanson and Croke, 1992). However, as floodplain sedimentation processes
are not uniquely associated with specific types of channel planform (Jackson, 1978;
Lewin, 1983; Bridge, 1985; Brierley and Hickin, 1991; Nanson and Croke, 1992)
changes in the nature of floodplains are often less pronounced than the corresponding
channel changes.

Many previous studies of river channels have made a distinction between 'confined' and
'partially confined' or 'unconfined' reaches and have shown the degree of confinement to
be significant for processes of floodplain formation or for patterns of floodplain erosion
in response to major floods (e.g. Wolman and Eiler, 1958; Lewin and Brindle, 1977;
Milne, 1983; Sneh, 1983; Brown, 1990; Nanson, 1986; Nanson and Croke, 1992;
Warner, 1992; Miller and Parkinson, 1993; Erskine, 1994; Rutherfurd, 1994; Bourke,
1994).

Along the Sandover, Bundey and Woodforde Rivers, a similar distinction

between relatively confined reaches in the upland, piedmont and lowland zones and
unconfined reaches in the floodout zones is important in explaining changing downstream
patterns of channel morphology (Chapters 4-6) and it also has implications for floodplain
forms and processes.

On the Sandover, Bundey and Woodforde Rivers, confined reaches are where channels
are entrenched in bedrock, or where channels are flanked by Tertiary weathering profiles,
indurated alluvial terraces or substantial source-bordering dunes and aeolian sandplain.
With the exception of the lowest order tributaries in the upland zones, where alluvial
deposits are restricted to discontinuous pockets of gravels, sands and silts between
bedrock spurs or at tributary mouths, floodplains are generally represented along the
length of the channels and are generally inset within the confining bedrock, alluvial or
aeolian surfaces. Although the confining surfaces are occasionally inundated during
extensive flood events, they contain many of the flood flows that exceed bankfull and
thus typically restrict the width of floodplain development. Floodplain width to channel
width ratios are variable but are generally less than 1.5 throughout the upland, piedmont
and lowland zones. Along the anabranching reaches of the Bundey and Woodforde
Rivers, in addition to conventional floodplain development at the margins of the channel-

train, in-channel ridges and islands also represent signficant stores of alluvial sediment
(Chapter 5). As such, they form an important element of the floodplains.
Throughout the confined reaches, banklines are typically well-vegetated, with a gallery of
trees (principally Eucalyptus spp.), shrubs and grasses also colonising the floodplains.
In many reaches, the dense growth of grasses (e.g. Eulalia fulva, Astreleha pectinata,
Bothriochloa spp.) is important for trapping and binding sediment. Floodplains tend to
have little surface relief, being either flat-lying or gentle sloping up to the higher confining
surfaces but, in many locations, bedrock outcrops introduce some surface irregularities.
Levees are rarely developed and although occasional swales or larger scour channels
result from overbank flows, there is little evidence of the uneven zone of alternate
longitudinal banks and flood furrows described as typical of the floodplains of sand-bed
channels in central Australia (Perry et al, 1962; Mabbutt, 1977, 1986). With the
exception of the Bundey River in a short reach of the lowland zone (Chapter 4), splays
and distributary channels are rarely developed due to confinement of the channel and
floodplain.
Floodplain stratigraphy in the confined reaches of the Sandover, Bundey and Woodforde
Rivers typically shows a basal layer of coarse sands and granule/pebble gravels with a
finer overburden of sands and silts. Examples of floodplain stratigraphy in the lowland
zone of the Woodforde River are illustrated in Figure 7.1. The percentage of silt-clay in
the channel banks is highly variable but averages around 30-40% (Chapter 4). Internal
structures are rarely preserved mainly due to bioturbation of the deposited sediment.
Floodplain stratigraphy is remarkably consistent throughout the confined reaches and
shows little downvalley variation. TL ages indicate that the floodplains have mainly
formed during the late Holocene but despite the passage of a recent series of large floods,
aerial photographs from the 1950s shows no evidence of substantial change to the
channels and floodplains since that time (Chapter 8). This stability may have resulted
from the confined nature of the channels and floodplains which, by restricting channel
migration and the development of splay and distributary channels, has limited the
potential for substantial recent change.
In the transition to the floodout zone, the alluvial terraces decline in relative height and
converge with the floodplains, such that the terraces are eventually buried by younger
alluvial deposits at the emergence point (Chapter 6, Fig.6.2). With the disappearance of
confining terraces, contemporary alluviation noticeably broadens, and is only restricted in
lateral extent by aeolian sandplain or older alluvial plains. In these unconfined reaches,
floodplain width to channel width ratios increase markedly with the channels traversing
alluvial tracts up to 6 km wide. In the floodout zone of the Woodforde River, levees are
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well-developed. On the Sandover, Sandover-Bundey and Woodforde Rivers, splays and
distributary channels introduce some relief to the extensive floodplains bordering the
channels. In many locations further from the channels margins, the alluvial surfaces are
often intensely scalded. In the unconfined reaches, floodplain sediments and the
percentage of silt-clay in the channel banks are similar to the upstream confined reaches.
Channel instability is far higher in the unconfined reaches, however, and there is clear
evidence of marked channel migration, channel avulsion and the development of splay
and distributary channels during the floods of the last 30 years (Chapter 8).
In the transition to the floodout, channelised flow eventually disappears and floodplain
formation, in the conventional sense of the term, ceases (Chapter 6). Beyond the termini
of the channels, floodwaters spill across the adjacent alluvial surfaces and deposit fine
sands and muds over the extensive floodouts. Patches of aeolian sandplain up to 6 m
high and occasional gullies and palaeochannels provide some relief to the otherwise lowgradient alluvial surfaces. Floodouts are regarded here as part of the continuum of
floodplains (Chapter 6) and the sedimentary sequences are considered in greater detail in
the second part of this chapter.

7.3 PROCESSES OF FLOODPLAIN CONSTRUCTION
In a recent review of floodplain types, Nanson and Croke (1992) recognised the main
processes of floodplain formation as lateral point-bar accretion, overbank verticalaccretion and braid-channel accretion. In addition, there are the less common processes
of oblique accretion, counterpoint accretion and abandoned-channel accretion. With the
exception of counterpoint accretion, which is mainly restricted to certain low-energy,
fine-grained, meandering rivers (Nanson and Croke, 1992), all of these processes are
active along the Sandover, Bundey and Woodforde Rivers. Nevertheless, the processes
vary in both relative and absolute importance depending on the presence or absence of
confining surfaces and the channel-floodplain morphology. In addition, the nature of
fluvial process and form along these rivers means that qualifications are needed in the use
of terms such as 'braid-channel accretion'. The following provides a summary of the
different processes of floodplain construction, with an attempt to indicate their relative
importance along and between the three rivers.

7.3.1 Lateral accretion
On the Sandover, Bundey and Woodforde Rivers, lateral accretion mainly occurs as a
result of the two processes of point-bar accretion and in-channel bench accretion. Pointbar accretion results from the progressive deposition of point bars on the convex bank of
a meander bend and concomitant erosion of the opposite cut bank, which causes channel

migration and creates in its wake a new floodplain of juxtaposed point-bar deposits
capped with overbank sediment (Nanson and Croke, 1992; and references therein).
While the layer of coarse sands and gravels at the base of many floodplains attests to the
importance of point-bar accretion in the past, however, the high degree of channel
stability in the confined reaches means that point-bar accretion is relatively unimportant as
a contemporary process of floodplain formation or, at best, very slow acting. In the
unconfined reaches of the floodout zone, however, greater channel instabilty means that
point-bar accretion plays a more important role in floodplain formation.

Channel

migration is particularly noticeable in the floodout zones of the Sandover and SandoverBundey Rivers with the development of large point bars up to 300 m wide and cut banks
up to 5 m high.

In-channel benches are typically flat-topped, depositional bodies of sediment that adjoin
the channel banks and have been widely noted both in ephemeral streams (Schümm,
1960a, b, 1961a, b; Schumann, 1989) and in AustraUan streams in general (Woodyer,
1968; Woodyer et al, 1979; Sherrard and Erskine, 1991; Erskine, 1995). In-channel
benches are distinct from the concave-bank benches which form as a result of
counterpoint accretion (Woodyer, 1975; Page and Nanson, 1982; Nanson and Page,
1983). Although in-channel benches can form as a result of a number of processes and
are sometimes only temporary features, they often form important sediment storages.
Hence, they are regarded here as features which can contribute to the lateral growth of
floodplains. On the Sandover, Bundey and Woodforde Rivers, benches are relatively
localised but where they are present they are a noticeable, and probably stable, feature of
channel-floodplain morphology.

Benches occur in both confined and unconfined

reaches. They are typically less than 1 m high, with widths ranging from 1-5 m and they
abut the base of the channel banks (Plate 7.1). Although they sometimes persist for up to
200 m along the channels, most are shorter. The benches are typically vegetated with a
mixture of trees (principally E. camaldulensis) and grasses.

Trenching of several benches revealed that internal bedding planes roughly follow the
surface contours of the bench, with largely horizontal strata of sands and silts dipping
obliquely towards the channel at the margins of the bench. The pattern of strata indicate
that in-channel benches grow both laterally and vertically. Slumping of bank material
would not appear to be a necessary factor in their formation (cf. Schümm, 1960a, b,
1961b; Woodyer et al, 1979; Schumann, 1989). It is unlikely that benches on the
Sandover, Bundey and Woodforde Rivers contribute significantly to floodplain
formation, however, unless bench accretion is associated with channel contraction or
channel migration. Hence, given the lateral stabilty of many channel reaches and the
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localised occurrence of benches, in-channel bench accretion is probably less significant
than many other processes of floodplain construction.
7.5.2

Overbank

vertical-accretion

Overbank vertical-accretion results from the deposition of sands and silts suspended in
floodwaters and is the dominant process of floodplain formation along the relatively
stable, low sinuosity reaches typical of the Sandover, Bundey and Woodforde Rivers.
Where overbank floodwaters are laterally confined, vertical accretion would seem to be a
relatively rapid process, evidenced in some locations by the burial of the base of trees to
depths of up to 0.5 m. By increasing the roughness coefficient and reducing velocities of
overbank flows, riparian vegetation can significantly influence rates of overbank vertical
accretion.
In the floodout zone, where floodplains are no longer laterally confined, overbank flows
spread for considerable distances on either side of the channel margins. By spreading
deposition over a larger area, and due to the lesser frequency of inundation, rates of
vertical accretion are probably much slower than in many reaches further upstream.
However, the development of numerous splay channels with bedloads of sands and
granules (Chapter 6) introduces greater spatial variation to the nature and patterns of
overbank vertical accretion in the floodout zone.
7.3.3

In-channel

ridge and island

accretion

While braided rivers are relatively uncommon in the Alice Springs region, the growth of
in-channel ridges and islands is an important depositional process in anabranching
channels such as the Bundey and Woodforde Rivers. Chapter 5 provided detailed
descriptions of the stratigraphy and formative processes of the in-channel ridges and
islands. Depositional ridges and islands are probably initiated by accretion in the lee of
in-channel trees, and vegetation also plays a key role in the subsequent vertical, lateral
and downstream growth. Such ridges may eventually become incorporated into the more
conventional floodplain sequences either as result of continued growth and eventual bank
attachment or as a result of abandoned-channel accretion (see below). In-channel ridge
and island accretion can occur in combination with the other processes of floodplain
construction and results in a mosaic of sedimentary deposits along the anabranching
reaches of the Bundey and Woodforde Rivers.

For the largely single-thread Sandover River, these processes are less important for
floodplain construction, although aggradation and channel shoaling in several reaches in
the floodout zone means that occasional elevated, mid-channel bars or islands are found.

The bars and islands are often well-vegetated and may be seen as incipient floodplains in
the sense that, if they survive between flood events and later channel shifting occurs, they
may become bank-attached and incorporated into the general floodplain sequences.
7.3.4

Oblique

accretion

Oblique accretion of channel banks results in muddy drapes which are lapped on to the
relatively steep convex banks of certain channels (Nanson and Croke, 1992). In the
confined reaches of the Sandover, Bundey and Woodforde Rivers, where lateral channel
stability combines with the likely high suspended loads carried by floodwaters, oblique
accretion can contribute to the growth of both in-channel ridges (Chapter 5) and
conventional floodplains. Field evidence suggests that oblique accretion occurs in two
main ways.

First, small ripples of mud and silty sands deposited by floodwaters

sometimes trend obliquely up the channel banks towards the surface of the floodplain
(Plate 7.2). The thickness of ripples on the banks of the Sandover River, deposited
during the floods of 1995, was typically less than 2 cm. Second, the growth of trees
(pricipally E. camaldulensis) half-way up the 2-3 m steep banks typical of many channel
reaches, sometimes results in the accumulation of silty sands on the upstream sides of the
tree trunks, often in association with large volumes of flood debris. Inspection of such
deposits revealed silty sands 10-15 cm thick lapped onto the banks on the immediate
upstream side of the trees. Given the survival of all or part of these deposits during the
next flood event, and susequent addition of further material, such a mechanism can
contribute to floodplain construction.
7.3.5

Abandoned-channel

accretion

Nanson and Croke (1992) consider that abandoned-channel accretion is characteristic of a
relatively small proportion of the total area of most river floodplains but in the
anabranching reaches of the Bundey and Woodforde Rivers, channel fills can form a
significant component of the floodplain sediments. In these confined reaches, flow and
sediment is routed through a complex of channels within broader channel-trains, creating
a situation in which channels are both formed and abandoned in response to floods
(Chapter 5). Channels are often abandoned due to diversion of the main axis of flow to a
different part of the channel-train or due to plugging by bedload sands and gravels. Later
infilling by silts and sands suspended in floodwaters can incorporate them into the
floodplain sequences. Hence, in addition to the processes of in-channel and island
accretion (Section 7.3.3), abandoned-channel accretion can form an important component
of the mosaic of floodplain deposits along the anabranching reaches.

For the laterally stable, largely single-thread Sandover River, abandoned channel
accretion is a less common process of floodplain formation in the confined reaches.
Nevertheless, the Sandover locally anabranches in short reaches through the piedmont
and lowland zones and in many instances, anabranches often showing signs of infilling
by sands and silts. For instance, near to the confluence of the piedmont channels of
Waite and Mueller Creeks, an anabranch linking the two channels carries most flow and
sediment along Waite Creek into Mueller Creek. As a result, Waite Creek is slowly being
abandoned in preference to the anabranch. Continued infilling may lead to the former
channel eventually becoming part of the floodplain sequence.
On the Sandover, Bundey and Woodforde Rivers, greater channel instability in the
unconfmed reaches of the floodout zones means that there are a number of abandoned and
partially or completely infilled channels.

These channel fills form an important

component of the floodplain sequences and are considered in more detail in Section
7.6.5.
7.4

PROCESSES OF FLOODPLAIN DESTRUCTION

Along the Sandover, Bundey and Woodforde Rivers, a number of general processes are
significant in the modification or removal of the deposits resulting from the processes of
floodplain construction. As with the processes of floodplain construction, however, they
vary in relative and absolute importance along the three rivers. The following is a
summary of the main processes of floodplain destruction with an attempt to indicate their
relative significance along and between the three rivers.
7,4.1

Channel

widening

and

migration

Channel widening and/or migration during floods is the main process of floodplain
destruction along the Sandover, Bundey and Woodforde Rivers. Despite the recent series
of large floods, however, there have been relatively few channel changes in the confined
reaches. Confining bedrock, alluvial or aeolian surfaces means that channels are laterally
stable and, furthermore, channel widening has been relatively minor and limited to less
densely vegetated sections of bank or to truncation of in-channel benches.
In the unconfined reaches of the floodout zone, however, there has been more
pronounced channel widening and migration. In some reaches, lines of E. camaldidensis
up to 300 m long that formerly grew on the banks now stand in the channel bed up to 10
m from the present banks, indicating recent channel widening and floodplain destruction.
On the Todd River, Bourke (1994) has noted how similar lines of such trees are
sometimes 30 m inside the channel bankline, testifying to more pronounced channel

widening. On the Sandover and Sandover-Bundey Rivers, there has also been significant
migration of some channel bends providing exposures of floodplain or terrace sequences
in the form of 3-4 m high cutbanks. Short reaches of the Sandover River, for instance,
have widened by up to 30% since the early 1950s.
In the case of younger, less indurated bank material, bank erosion is probably by removal
of individual particles or small aggregates of silt and sand during floods. For older, more
indurated sediments, steep bank faces and blocks of material lying on the channel bed
indicates that bank undercutting and block collapse is also a process of bank erosion.
7.4.2

Floodplain

stripping

and linear

dissection

Floodplain 'stripping' (Nanson, 1986; Miller and Parkinson, 1993) is a process that
removes material from floodplain surfaces, often terminating at more resistant layers
within the floodplain sequence such as dense mud beds or gravel lenses.

On the

Sandover, Bundey and Woodforde Rivers, recent laterally extensive stripping of
floodplain sediments to depths greater than a few tens of centimeters seems to have been
uncommon.

In the anabranching reaches of the Bundey and Woodforde Rivers,

however, the process of linear dissection of floodplains is a significant factor in the
excision of in-channel ridges and islands from formerly continuous sections of floodplain
(Chapter 5). This process typically takes place where well-vegetated banklines protect the
floodplain from laterally extensive stripping but overbank flows are confined on the
floodplain by flanking terraces or aeohan sandplain. Scour and slaking of the floodplain
sediments results in channelisation of overbank flows and incipient channel formation.
Given a sequence of closely spaced flows, ensuing channel incision can be relatively
rapid with channels up to 30 m^ in capacity sometimes resulting. Without extensive
stratigraphie investigations, it is difficult to distinguish depositional ridges and islands
from those excised from former floodplains and thus the volume of floodplain material
removed by such a process is unknown. Along the anabranching reaches of the Bundey
and Woodforde Rivers, however, hnear dissection may be the most important process of
floodplain destruction. For the largely single-thread Sandover River, such a process
would seem to be relatively unimportant.

7.4.3

Gully

dissection

Gully dissection is a significant process of terrace degradation and floodplain destruction
along many reaches of the Sandover, Bundey and Woodforde Rivers. Most floodplain
gully-systems consist of a well-defined network of shallow rills, that begin up to 100 m
from the channel margins and coalesce into one deeper gully closer to the channel. In
some instances, however, particularly where the banks are steep, deep gullies start at

distances of less than 20 m from the channel. Gullies typically dissect the banklines at
right-angles to the general direction of downstream flow, but occasionally they run subparallel to the trunk channel for short distance before breaching the bankline. Most
gullies are slot-like in cross-section and remove floodplain material by lateral and vertical
erosion. Depth of gully dissection is variable but in some instances along the S ando ver
and Bundey Rivers, gullies have incised to depths of 4 m into the floodplains. At the
mouth of the gullies, silts and sands are often deposited in a fan-like form of deposition
over the channel sands and gravels, testifying to the large amounts of material that can be
eroded by this process.
Floodplain gullies are found in both conñned and unconfined reaches. In the confined
reaches, they may result from overbank floodwaters draining back to the main channel
after the passage of flood peaks. Nevertheless, small flows may also be carried in the
gullies after heavy local rains as indicated by the deposition of eroded material over the
channel sands and gravels. The presence or absence of floodplain vegetation does not
appear to be a significant factor in their formation for well-developed examples can be
found in both densely-grassed and heavily grazed reaches.
7.4.4 Backchannel dissection
The term 'backchannel' has been often used to describe a small channel draining the edge
of a floodplain where it adjoins higher alluvial or bedrock surfaces (e.g. Nanson, 1986,
p. 1469; Bourke, 1994, p. 116). Backchannels are locally developed along the confined
reaches of the Sandover, Bundey and Woodforde Rivers, where they anabranch from the
main channel and follow independent courses through the floodplain for distances of up
to 3 km, before rejoining the main channel. On the rivers, the distinction as backchannels
rather than as local anabranches is largely one of scale - backchannels are narrow relative
to the main channel (rarely being more than 5 m in width) - but also by the fact that they
are separated from the main channel by large areas of floodplain rather than by a midchannel island. Backchannels tend to be slot-like in cross-section and up to 3 m deep.
They can be a significant process of floodplain destruction, eroding sediments both
laterally and vertically, and where the backchannels re-enter the main channel, there are
often fan-like deposits of silts and sands over the channel sands and gravels.
Backchannels differ from gullies as they are linked to the main channel at both the
upstream and downstream ends but they are relatively localised features, and for many
reaches of the Sandover, Bundey and Woodforde Rivers, they are a less significant agent
of floodplain destruction than are gullies.

7.5

COMPARISONS

WITH

PREVIOUS

DESCRIPTIONS

OF

EPHEMERAL CHANNEL FLOODPLAINS
Despite the large number of studies of channel deposits resulting from floods in
ephemeral channels (e.g. McKee etaL, 1967; Williams, 1971; Karcz, 1972; Picard and
High, 1973; Frostick and Reid, 1977, 1979; Langford and Bracken, 1987), floodplains
of ephemeral channels have received relatively little attention in the literature. The
deposits of arroyos channels in the semi-arid American southwest have been termed 'cut
and fill' floodplains by Nanson and Croke (1992) but while arroyos have received much
research attention, most of the emphasis has been on the nature of channel change during
phases of channel cutting (e.g. Schümm and Hadley, 1957; Leopold et ai, 1964; Cooke
and Reeves, 1976; Graf, 1983a, c), with much less attention given to the accumulation of
sediments as alluvial valley fills during periods of erosional stability (for exceptions, see
Haynes, 1968 and Love, 1979). In other areas of the semi-arid American southwest,
Schümm and Lichty (1963) and Burkham (1972) have described extensive destmction of
floodplains by channel widening in response to large floods, with later rebuilding largely
by overbank vertical accretion. These latter two studies stand as the two most widely
cited examples of ephemeral channel-floodplain form and process. More recently,
Hereford (1984, 1986) has made similar observations for the Little Colorado and Paria
Rivers in the Colorado Plateau province.
Many authors even consider that many ephemeral channels do not have conventional
floodplains. For example, Graf (1988a, p.217, emphasis added) states that:
In drylands, meandering streams construct flood plains as in humid regions, but in
drylands such streams are relatively rare.
drylands, are not often associated

Braided channels, more common in

with flood plains

in the géomorphologie

sense.

They frequently occupy the entire available space between low terraces, leaving no
room for horizontal surfaces that are activated by present regime processes of the
river as demanded by the definition of flood plain ...

Such statements are based largely on experience with certain rivers in the American
southwest but contrast with the Australian experience. For instance, many channels in
arid and semi-arid Australia possess meander planforms, as demonstrated by the
Sandover, Bundey and Woodforde Rivers (Chapters 4 and 8). In addition, many
ephemeral channels (including those commonly termed 'braided') often have well-defmed
floodplains.

A large body of knowledge has now accumulated on the fluvial

geomorphology of the Channel Country, western Queensland (e.g. Rust, 1981; Rust and
Nanson, 1986, 1989; Nanson etal,

1986, 1988) with descriptions of reticulate channels.

the co-existence of anastomosing and surface braid channels and the bedload transport of
pedogenic aggregates illustrating the distinctive floodplain forms and processes of this
extensive region.
There have been fewer studies of the floodplains in the Alice Springs region with many
authors restricting comments to brief descriptions of floodplains forms (Perry et ai,
1962; Mabbutt, 1962, 1977, 1986) or focusing attention on the stratigraphy or
chronology of Quaternary floodplain sequences (Litchfield, 1969; Nanson etaL, 1995).
A lengthier statement has been made by Pickup (1991) who suggests that the central
Austrahan floodplains contain features indicating activity at three scales. At the largest
scale, there are sand sheets, sand threads and megaripple-covered overflow channels
related to a few enormous floods. At the medium scale, there are the contemporary
floodplains which consist of channels and levees, floodouts, unchannelled floodplains
and floodbasins and at the small scale, there are erosion cell mosaics which result from
local redistribution of sediment. Patton et aVs (1993) study of the Ross River 'floodout
plain' has provided a more detailed description of some of the large-scale fluvial
landforms outlined by Pickup (1991), and Bourke's (1994) study of the morphology and
sedimentary sequences of the Todd River floodplain has provided more details of
medium-scale landforms. These two rivers drain south and southeast from the central
ranges. At the small scale, erosional cell mosaics have received attention from Pickup
(1985, 1988) with such works serving to improving the understanding of arid and semiarid land erosion. In general, these studies have lent support for many of the broad
findings resulting from research primarily undertaken in the American southwest by
emphasing cyclic or episodic patterns of floodplain development resulting from the
dominance of large or catastrophic flood events (e.g. Schümm and Lichty, 1963,
Burkham, 1972, Graf, 1988a, b).

In detail, however, studies such as those of Bourke (1994) illustrate a number of
differences from the relatively few descriptions of ephemeral floodplain forms, processes
and deposits to be found in the literature. For instance, formation of the 'cut and fill'
floodplains of arroyo channels is dominated by overbank vertical-accretion and
abandoned-channel accretion (Nanson and Croke, 1992). Similarly, Schümm and Lichty
(1963), Burkham (1972) and Hereford (1984, 1986) have emphasised overbank verticalaccretion as the primary process of floodplain construction, along with the coalescence
and bank-attachment of islands and the infilling of abandoned channels. While Bourke
(1994) also suggests that overbank vertical-accretion is the dominant process of
floodplain formation along the Todd River, however, the suite of morphostratigraphic
units and floodplain sedimentary facies which occur in the 37 km long study reach are
more variable. Overbank aggradational sequences comprise a complex assemblage of

depositional units which include 'floodplain' and 'channel' insets, 'terrace veneer'
sedimentation and 'swirl pit fills'. Bourke (1994, p.119) considers that the resultant
floodplain sedimentary sequences are best described as 'chaotic', with features such as
erosional unconformities between depositional units, the presence of reverse grading, and
general absence of fining-upwards successions contrasting with the dominance of
horizontally-laminated sands and muds typical of other ephemeral river floodplains (e.g.
Schümm and Lichty, 1963; Burkham, 1972; Hereford, 1986). Similarly, floodplain
morphology is highly complex with features such as stepped morphology, backchannels,
floodplain braid channels and swirl pits (Bourke, 1994) contrasting with previous
descriptions of ephemeral river floodplains.
The floodplains along the Sandover, Bundey and Woodforde Rivers contrast with those
of the Todd River in a number of ways. Despite the similarities in the confined nature of
the floodplains in many reaches, the floodplain sequences of the Sandover, Bundey and
Woodforde Rivers generally possess few internal structures, such as the climbing ripple
sequences, dessication cracks and mud clasts described for the Todd (Bourke, 1994).
The floodplain morphology of the Sandover, Bundey and Woodforde Rivers is also
much less complex, with no evidence of features such as the stepped morphology,
floodplain braid channels or swirl pits characteristic of the Todd (Bourke, 1994). In
further contrast to the Bundey and Woodforde Rivers, in-channel ridges and islands are
not elements of floodplain form along the Todd, for the Todd is essentially a single-thread
river.
Observations of a number of other floodplains in the region suggest that the
characteristics of the Sandover, Sandover-Bundey and Woodforde Rivers are typical of
the majority of rivers on the Northern Plains of the Alice Springs region. Clearly, as with
many other aspects of channel form such as river patterns (Chapter 5), there is a strong
regional identity to the nature of floodplains in the region, as recognised in the early Land
Systems mapping (Perry etaL, 1962; Mabbutt, 1962; Chapter 2).
Previous descriptions of ephemeral channel floodplains have mainly concentrated on
situations where flood flows are largely channelised. There have been fewer descriptions
of floodplains where flood flows are only partially channelised or largely unchannelled
(e.g. Jutson, 1919; Sneh, 1983; Graf, 1988b). In particular, little is known about the
forms, processes and sedimentary sequences of floodouts (Chapter 6). Due to the
potential preservation of Quaternary sedimentary sequences in floodouts and the wider
implications for the understanding of the nature of low-gradient, semi-arid and arid basin
fills, the focus in the second part of this chapter is on the sedimentary architecture in the
floodout zone.

7.6 SEDIMENTOLOGY AND STRATIGRAPHY OF THE FLOODOUT
ZONES
As floodout zones form the depositional sinks for sediment eroded and transported from
the production zones in the headwaters (Chapter 2), they are likely to preserve
accumulations of alluvial deposits and thus provide a record of changing fluvial
conditions over time. Indeed, stratigraphie drill holes (Stidolph et al, 1988; Senior et ai,
1995) and lithological logs from water bores (Northern Territory Power and Water
Authority, unpublished data) indicate the existence of thick alluvial sedimentary sequences
along the medial and distal reaches of the Sandover, Bundey and Woodforde Rivers.
Little is known, however, about the characteristics or history of such sequences due to the
lack of detailed investigation and poor chronological control.
Descriptions of the morphology and sedimentology of surficial features in the floodout
zones (Chapter 6) and discussion of the processes of floodplain construction and
destruction (this chapter) have provided indications of the likely sedimentary architecture
in the distal reaches. To further investigate the character, distribution and relationship of
the sedimentary sequences, however, a programme of shallow drilling was conducted in
the floodout zones of the Sandover River at Anmiaroo and the Sandover-Bundey River at
Goratippra. DrilUng was conducted with a hydraulic, truck-mounted drill rig using both
solid and hollow augers (Chapter 3). In total, 43 holes were drilled (Figs.7.2a, b),
providing coverage of a range of sedimentary features characteristic of the floodout zones.
At Ammaroo, holes were drilled both in the channel tract and in the floodout. At
Goratippra, Aboriginal ownership of part of the extensive floodout (Irrmarne Aboriginal
Land Trust) restricted drilling to the channel tract. At both locations, access with heavy
drilling equipment was restricted in many places by steep-sided channels or by dense
vegetation growth.
At both Ammaroo and Goratippra, the drilling programs were supplemented by hand
augering and trenching of floodplain and aeoUan sediments and by descriptions of natural
bank exposures (Fig.7.2). The dry, cohesionless sands in the channels limited
opportunities for the augering or trenching of channel beds. Samples were collected for
thermoluminescence (TL) dating from a number of locations (Fig.7.2). In addition to the
investigations at Ammaroo and Goratippra, excavation of a smaller number of trenches,
descriptions of bank exposures and collection of TL samples in the floodout zone of the
Woodforde River provided additional information on the characteristic sedimentary
assemblages in the distal parts of drainage systems in central Australia. For many
sediments, difficulties in identifying suitable modern analogues for the determination of
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7.6,1

Depositional

environments

and lithofacies

of the floodoiU

zone

The limited number of sedimentary structures in channel or floodplain deposits (Chapters
4 and 6) and problems of clean recovery of samples during drilling and augering meant
that existing facies coding schemes (e.g. Miall, 1977, 1978b) were unsuitable for this
study. For the purposes of this study, involving routine description and inteipretation on
a large scale, sediments were described in the field using particle size analysis cards and
Munsell soil colour charts. A number of samples were also collected for later grain size
analysis (Chapter 3).
Description of the floodout zones of the Sandover and Sandover-Bundey Rivers
(Chapters 4 and 6) demonstrates a number of differences between the two locations in
terms of fluvial morphology and sedimentology.

In the first instance, the factors

influencing the location of the floodout zone differ slightly between the two locations.
For the Sandover at Ammaroo, downvalley burial of older terraces by younger alluvial
deposits is a key influence on the upper limit of the floodout zone, whereas for the
Sandover-Bundey at Ooratippra the disappearance both of older alluvial surfaces and a
bedrock plain are important factors (Chapter 6). Patterns of channel breakdown differ
between the two sites with the Sandover River abruptly terminating as a single-thread
channel and the Sandover-Bundey characterised by a more protracted distributary pattern
of breakdown (Chapters 4 and 6). For the Sandover River, bed material consists
predominantly of moderately sorted, medium sands with little evidence of downstream
fining. For the Sandover-Bundey River, however, bed material consists of moderately
sorted, coarse sands and granule gravels at the upper limit of the floodout zone and this
fines downstream to moderately well sorted, medium sands near the channel termini
(Chapter 4, Fig.4.9a, b). Finally, there are differences in the type of surficial features
found at each site. In particular, the Ammaroo site is an intermediate floodout, with large
flood flows persisting through the floodout to a network of reforming channels which
ultimately join the Bundey River at Junction Waterhole. By way of contrast, the
Ooratippra site is a terminal floodout, representing an endpoint for the vast majority of
floodwaters (Chapter 6).
Despite differences in detail, however, the floodout zones at Ammaroo and Ooratippra
show broad correspondence with respect to the nature of overbank flow and
sedimentation. Three main fluvial depositional environments can be recognised in the
floodout zones: the channels (active or abandoned) (Plate 7.3); the floodplains (flanking

the channels); and the floodouts (beyond the channel termini) (Plate 7.4). The
sedimentary deposits of splay channels, widely represented throughout the floodout
zones, are difficult to classify, as they possess features common to both channel and
floodplain deposits. For the purposes of discussion, sediments deposited by splays are
regarded as channel deposits, as for the most part deposition occurs within a channel
incised on the floodplain (Chapter 6). In many parts of the floodout zone, fluvial
deposition occurs between areas of aeohan sandplain or source-bordering dunes. Each of
the fluvial and aeolian environments is characterised by a number of geomorphic features
and typical sedimentary assemblages defined by textural characteristics (grain
size/lithology), colouration and the presence or absence of pedogenic carbonate. The
following outlines the most salient points of the sub-surface stratigraphy and
sedimentology.

7.6.2 General nature of the subsurface alluvium
For the Sandover River at Ammaroo, the downvalley burial of indurated, red (2.5YR lOR 4/8) terraces of silty sands by younger, yellowish red (5 YR 4/6) to strong brown
(7.5YR 4/6) silty sands is a key factor in the location of the floodout zone (Chapter 6).
Little is known, however, about the downstream extent of the terrace alluvium beneath the
younger deposits.
Lithological logs from waterbores (Stidolph et al, 1988; Northern Territory Power and
Water Authority, unpublished data) provide evidence of unconsolidated deposits up to 90
m thick beneath the floodplain and floodout at Ammaroo, but there are few details. In the
present study, the vast majority of drill holes encountered indurated, red (2.5 YR 4/6 - 2.5
YR 5/8), silty sands at depths of 6 m or less. The presence of minor pedogenic carbonate
and the deep red colouration sharply contrast with the typical overlying sediments of
yellowish red (5YR 4/6) to strong brown (7.5YR 5/6), silty sands (Plate 7.4).
Furthermore, bed and bank exposures in overwidened or overdeepened sections of the
Sandover channel indicate the existence of indurated, red (2.5YR 4/6), silty sands at
relatively shallow depths beneath younger in-channel and overbank deposits (Chapter 6).
Bank exposures typically show an abrupt contact between the red alluvium and the
overlying sediments. In terms of textural characteristics, colouration, and their
stratigraphic relation with the younger alluvium, the red, silty sands are interpreted as the
subsurface equivalent of the upstream terraces. Hence, the red alluvium forms a
widespread subsurface horizon unconformably overlain by more recent alluvium. Due to
the ubiquitous occurrence of the red alluvium, most drill holes were terminated at this
horizon.
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For the Sandover-Bundey at Ooratippra, both the low-relief bedrock plain abutting the
southern margin of the channel and older alluvial surfaces of indurated, red (2.5YR 4/8)
silty sands influence the upper location of the floodout zone. Where the channel
meanders away from the influence of the bedrock, the older alluvial surfaces disappear
beneath younger, less indurated, deposits of yellowish red (SYR 4/6) to red (2.5YR 5/8)
silty sands. As at Ammaroo, however, little is known about the downstream subsurface
extent of the older, redder alluvium.
Along the Sandover-Bundey River west of Ooratippra, Stidolph et ciL (1988, p.25) note
that most waterbores encountered Cambrian rocks at 5-20 m with 'deeper alluvial deposits
apparently restricted to narrow channels'. Similarly, at Ooratippra, waterbore logs
(Northern Territory Power and Water Authority, unpublished data) consistently
encountered bedrock at depths of less than 10m. In the present study, the vast majority of
drill holes reached calcareous bedrock (Arrinthrunga Formation) at depths between 3 and
10 m. Outcrops of bedrock or weathered regolith exposed in a number of locations along
the channels further confirm the general shallowness of alluvial deposits. The alluvium
overlying the bedrock and regolith typically consists of a 0.5-1.0 m thick basal layer of
coarse sands and granule/pebble gravels, with a finer overburden of silty sands. In
general, the silty sands show a progressive reddening with depth from yellowish red
(5YR 4/6) near the surface to red (2.5 YR 4/8 - 2.5YR 5/6) at depth. Unlike at Ammaroo,
however, this colour change is very subtle with no evidence of a distinct stratigraphic
break. Bank exposures in the floodout zone provide some evidence of erosional contacts
between successive units of silty sands, often in assocation with subtle colour changes
but, in all instances, lateral continuity of such contacts are limited.
TL dating of alluvial sediments sheds some light on the time intervals represented by the
deposits in the floodout zones at Ammaroo and Ooratippra. At both locations, TL dates
for the older red alluvium were determined for samples collected close to the upper limit
of the floodout zone. For the Sandover River at Ammaroo, TL ages were determined for
samples from the emergence point near Dingley Bore (Fig.7.2a).

The lower, red

alluvium provided an TL age of 25.0 ± 2.7 ka (W1854), post-dating the TL ages of 38.7
± 4.3 (W1945) and 54.3 ± 12.7 (W1999) determined for red terraces further upstream
(Chapter 8). The difficulties of clean sample recovery during drilling and the lack of
suitable bank exposures precluded TL dating of the red alluvium from locations further
downvalley. Hence, it is not possible to directly compare the age of the subsurface red
alluvium with the dates determined for the terraces or for the exposures at the emergence
point. Nevertheless, the assumed equivalence with the upstream terraces means that the
subsurface red alluvium is likely to date from around 25 ka or earlier.

The upper, browner unit overlying the red alluvium at the emergence point gave a TL age
of 3.0 ± 0.5 ka (W1853) and, with one other TL age of 3.6 ± 0.3 ka (W1947) from a
channel bank exposure further downstream (Fig.7.2a), this confirms the late Holocene
origin of the overlying alluvium. Hence, the TL ages and the typically sharp contact
between the two alluvial units indicate a significant time break between the deposition of
the red alluvium and the overlying sediments.
For the Sandover-Bundey at Ooratippra, TL dates were determined for material forming
the banks of the channel near the upper limit of the floodout zone (Fig.7.2b) and for three
samples further downvalley (Fig.7.2b). Two samples from a section of red alluvium
exposed in the cutbank of one of the pronounced meanders at the upstream end of the
floodout zone gave TL ages of 11.4 ± 1.2 ka (W1848, 3.2 m depth) and 4.0 ± 0.3 ka
(W1627, 1.8 m depth), which indicates early-mid Holocene deposition. All three bank
samples from further downvalley post-dated this alluvium, giving TL ages of 2.8 ± 0.2
ka (W1851), 2.4 ± 0.3 ka (W1849) and 1.8 ± 0.1 ka (W1852). Together with the limited
thickness of alluvial deposits, this suggests that older bank material at Ooratippra is either
preserved outside the modern channel tract or has been removed by erosion.
7.63

Stratigraphy

of the surficial features

of the floodout

zone

The findings from the Sandover River at Ammaroo suggest that late Holocene deposition
in the floodout zone is little more than a veneer over far older (late Pleistocene), heavily
weathered alluvial deposits. At Ooratippra, Holocene deposition has occurred to shallow
depths over bedrock or weathered regolith with older (late Pleistocene), alluvial deposits
seemingly absent.
To investigate the character of the Holocene alluvium at the two sites in greater detail,
holes were drilled in a number of the surficial features characteristic of the floodout zones
(Chapter 6). Representative examples of stratigraphie logs are shown in Figure 7.3 (see
Fig.7.2 for location). The examples from Ammaroo relate to a narrow but prominent
depression between two patches of aeolian sandplain that holds water for short periods
after floods (Fig.7.3 - AM18; Chapter 6, Plate 6.2) and to one of the swales near the
downstream edge of the floodout that marks the start of the reforming channels (Fig.7.3 AM 19). The example from Ooratippra is from a narrow depression that feeds a clay pan
located in the sandplain surrounding the floodout (Fig.7.3 - OR30). All three sections
illustrate a thin (<0.5 m deep) layer of yellowish red (5YR 5/6) to strong brown (7.5YR
5/6), silty sands overlying red (2.5YR 5/8), alluvial or aeolian sediments. Hence, the
data suggest that many of the surficial fluvial landforms characteristic of the floodout
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Figure 7.3 Examples of stratigraphie logs from typical surficial features in the floodout zones of the
Sandover and Sandover-Bundey Rivers. The legend is for Figures 7.3-7.7.

zones are only shallowly incised into the underlying sediments and represent little more
than a local reworking of older material or a local basin for more recent deposits.
Similar findings emerge from investigations of the numerous splay channels in the
floodout zones at Ammaroo and Ooratippra. Although splay channels are prominent
features of the fluvial landscape, description of their typical geometry and sedimentology
(Chapter 6) indicates that the thickness of the bedloads of sands and gravels are relatively
limited, rarely exceeding 0.5 m even in the proximal parts of the splay and decreasing to
0.1 m or less in the more distal parts. Similarly, most of these splays are small features,
rarely exceeding 0.5 km^ in area. The majority merge with the floodplain surface within
750 m of the margins of the parent channel, sometimes ending in small tongues of sandy
sediment that prograde over the fine-grained floodplain sediments. Many of these small
tongues of sediment are subject to aeolian reworking or disturbance by cattle. Hence,
although splay channels are locally important accumulations of coarse-grained sediments,
the limited depth of incision, limited thickness of transported sediments and aeolian
reworking all limit the potential for incorporation in the general floodplain stratigraphy.
7.6.4

Aeolian

and fluvial

sedimentary

sequences

Chapter 6 provided examples of small-scale aeoUan-fluvial interactions in the distal
reaches, such as the deposition of overbank fines in pans or along the margins of the
surrounding aeolian sandplain. At both Ammaroo and Ooratippra, however, larger scale
examples of aeolian-fluvial interactions can also be found.
7.6.4.1 Dissection and burial of aeolian sandplain at Ammaroo

Aerial photographs and field observations of the Sandover River at Ammaroo show that
extensive areas of aeolian sandplain flank the southern and northern margins of the
floodout zone. In addition, large areas of sandplain have been surrounded by more recent
alluvial deposits in the floodout zone where it appears as oval, kidney-shaped or circular
dunes, up to 5-6 m in height and up to 1.5 km^ in area (Plate 7.5). Existing stratigraphic
drill holes and waterbore logs provide httle indication, however, of the depth of aeolian
sandplain or the relationship to alluvial sediments.
In order to examine the nature of the fluvial and aeolian sequences, a number of holes
were drilled across one of the prominent dunes and onto the surrounding floodout
(Fig.7.4; see Fig.7.2a -AM5-8 for location). Recovered sediments from the dune indicate
that at least 3.5 m of red (2.5YR 4/8), fine to medium aeolian sands overlie more
indurated, red (2.5YR 4/6), silty, fluvial sands (Fig.7.4).

Increasing amounts of

carbonate were recovered below 6.5 m. The stratigraphy suggests that the dune has

Plate 7.5 Aerial photograph of the floodout zone of the Sandover River, showing the old and new line of the channel. Cutting of the new channel during the 1974 flood has
resulted in fluvial deposition in areas of aeolian sandplain to the south and east of the channel. Note also the splay channels radiating from the channel just upstream of the
point of avulsion. Compare this photograph to Plate 6.2 (Chapter 6), which shows the floodout zone in 1950.
Reproduced by permission of Northern Territory Department of Lands, Planning and Environment).

(Elkedra-Derry Downs-Sandover, SF53-7, 1982, NTc 7 9 0 , Run 11, 010.
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Figure 7.4 Stratigraphie logs showing the relation between aeolian and alluvial sediments on the floodout of the Sandover River. See Figure 7.3 for legend.
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developed on top of the widespread layer of red alluvium that underlies the younger
sediments throughout the floodout zone. For a nearby dune, a TL age of 50.2 ± 7.6 ka
(W1855) was determined for aeolian sands recovered from near the basal part of the dune
(4.5 m depth) (Fig.7.2a). Hence, this provides a minimum age for the underlying red
alluvium in this part of the floodout zone. As this considerably pre-dates the age of 25.0
± 2.7 ka for the exposure of the red alluvium at the emergence point (Section 7.6.2), it
probably means that the red alluvium is diachronous, representing the deposits of several
alluvial episodes.

Towards the margins of the dune, the aeoUan sands decrease in thickness and are overlain
by the shallow accumulations of yellowish red (5YR 4/6) to strong brown (7.5YR 4/6)
muds deposited in the floodout (Fig.7.4). The transition from the dune to the surface of
the floodout is a subtle one, occurring over some tens of metres, and suggests gentle
onlap of fluvial muds up the margins of the dune. Further from the dune, on the surface
of the floodout, the aeolian sands gradually pinch out and eventually the floodout muds
directly overlie the older alluvium (Fig.7.4; Plate 7.4). In many places, the surface of the
floodout is characterised by the development of gilgai and cracking clays but elsewhere it
possesses remarkably little microtopography.

This sequence of aeolian and alluvial sediments is repeated in many locations throughout
the floodout zone at Ammaroo.

Furthermore, avulsion of the lower section of the

Sandover during the 1974 flood event (Chapter 8) and the cutting of a new channel has
resulted in fluvial deposition in a new part of the sandplain to the south and southeast of
Ammaroo (Plate 7.5). Small areas of sandplain have become isolated at the margins of
the floodout, indicating that alluvial sedimentation is prograding over aeolian sandplain.
7.5.6.2 Aeolian diversion of channels at Ooratippra
Examples of aeolian and alluvial successions similar to that at Ammaroo can also be found
in the floodout zone of the Sandover-Bundey at Ooratippra but generally on a smaller
scale. In addition, an unusual example of an aeolian-alluvial sedimentary succession can
be found at the upstream end of the floodout zone where the Sandover-Bundey adopts a
distributary channel pattern.
Aerial photographs (Plate 7.6) of this section of channel illustrate the abrupt nature of
channel bifurcation, a very high initial angle of divergence of around 100°, and the
existence of a large aeolian dune complex at the fork of the two channels. Field inspection
of the bankline at the bifurcation point shows 4.0-4.5 m high, vertical banks consisting of
massive, red (2.5YR 5/8) to yellowish red (5YR 4/6), silty sands and fine

Plate 7.6 Aerial photograph of the floodout zone of the Sandover-Bundey River, showing the marked fluctuations in channel width (Chapter 4) and the abrupt development
of the distributary channel pattern. A large aeolian dune complex is developed between the fork of channels lb and 2. Note also the large splay channel breaching the right
bank of channel 2. See Fig.7.5 for section A-A'.
Planning and Environment).

(Elkedra-Derry Downs-Sandover, SF53-7, 1982, NTc 716, Run 12, 071.

Reproduced by permission of Northern Territory Department of Lands,

sands with occasional coarser sand lenses. Although the accumulated debris from
numerous bank collapses restricts inspection of the basal part of the sequence, the
floodplain sediments are little indurated with no signs of pedogenic carbonate. Individual
strata range in thickness from 5 to 30 cm. In many places, subtle colour and textural
variations between successive strata suggest vertical accretion during flood events,
possibly as flood couplets, although lateral continuity of strata is limited. There are no
preserved sedimentary structures due to the numerous plant roots and tension cracks. The
small, triangular island between the two channels at the bifurcation point (Plate 7.6) is no
higher than 1.5 m in elevation and seems to have formed subsequent to the bulk of the
floodplain.
On the banktop, the 3-4 m high aeohan dune complex covers much of the surface between
the two channels, indicating that the floodplain sediments encircle the aeolian sands in a
narrow belt. The width of the floodplain is typically less than 20 m at the bifurcation
point but broadens further downstream. The junction between the floodplain sediments
and the aeolian sands is relatively abrupt and is marked by a distinct vegetation change
from trees {Eucalyptus spp.) on the floodplain to spinifex (Triodia spp.) and small shrubs
on the dune.
A series of holes drilled in the dune and floodplain at the bifurcation point provided
information on the subsurface nature and extent of the aeolian and fluvial sediments
(Fig.7.5). Recovered sediments confirm the initial field observations showing a fining
upwards succession of floodplain sediments encircling red (2.SYR 5/8), slightly silty,
fine to medium aeolian sands. At this location, the maximum depth of the aeolian sands
reaches 6.0-6.5 m and they overlie 2.5-3.0 m of moderately sorted sands and granule
gravels. The moderate sorting and coarse texture of the basal sediments clearly indicate a
fluvial origin.
The stratigraphy of the deposits suggests the deposition of aeolian sands over a channel
fill of sands and gravels. Later floodplain alluvium associated with the modem channels
of the Sandover-Bundey has accumulated around this central core of fluvial and aeolian
sands. TL dating of the aeolian and fluvial sediments provided ages consistent with this
interpretation (Fig.7.5). A sample from the approximate centre of the basal channel sands
gave a TL age of 12.9 ± 1.2 ka (W1850, 6.75 m depth), predating a TL age of 7.1 ± 0.6
ka (W1629, 4 m depth) determined for the overlying aeolian sands. A sample from the
floodplain surrounding the dune complex gave a TL age of 2.4 ± 0.3 ka (W1849, 2.5 m
depth), clearly demonstrating that floodplain deposition post-dates the emplacement of the
aeolian sands (Fig.7.5).
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Figure 7.5 Stratigraphic logs and surveyed section showing the relation between aeolian and alluvial sediments in the floodout zone of the Sandover-Bundey River. See
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From the limited number of drill holes, little can be said about the geometiy of the channel
fill underlying the dune complex. Further drill holes would be required to establish the
width of the channel fill and its former course. From the available stratigraphy and
chronology, however, a possible interpretation is that the late Pleistocene-early Holocene
Sandover-Bundey River was a single-thread channel following a course along the axis of
the modern channel tract. Lateral channel migration may have resulted in deposition of
the widespread layer of coarse sands and gravels at the base of many of the floodplain
sections (Section 7.6.2). Subsequent blockage of the channel by wind-blown sands at or
prior to about 7 ka resulted in channel avulsion, the simultaneous development of two
channels adjacent to the former course and the vertical accretion of floodplain sediments
around the aeolian sands. Further channel avulsion occurred on the northernmost of these
two channels to result in the present-day distributary channel pattern (Plate 7.6). This
avulsion appears to have occurred independently of aeolian obstruction, for there is no
evidence of aeolian dune sands between channels la and lb (Plate 7.6).
In summary, the examples of aeolian-fluvial interactions from the floodout zones at
Ammaroo and Ooratippra demonstrate how local aeolian sediments and relief can be
incorporated into alluvial sequences by the vertical accretion of sands and muds deposited
during flood events. Furthermore, for the Sandover-Bundey at Ooratippra, the abrupt
nature of channel bifurcation, the high angle of divergence and the stratigraphy and
chronology of the fluvial and aeolian deposits strongly suggest that the distributary
channel pattern developed due to obstruction of downvalley flows by aeolian deposits. If
this interpretation is correct, then aeolian deposits can be seen to have had an unusually
large influence on the Holocene development of channel pattems at this location.

7.6,5 Channel fills
Although many of the characteristic sedimentary assemblages of the floodout zone are
predominantly fine-grained, the example from Ooratippra demonstrates that coarser
channel fills also form part of the sub-surface stratigraphy. Numerous palaeochannels
can be identified on aerial photographs of the floodout zones of the Sandover and
Sandover-Bundey Rivers, suggesting that floodouts harbour a record of changing fluvial
conditions during the Holocene.
7.6.5.1 Older channel fills
To determine the typical characteristics of buried channel fills, a number of holes were
drilled in palaeochannels located at Ammaroo and Ooratippra. At Ammaroo, one of the
palaeochannels is a prominent feature that branches from the left-bank of the Sandover
River 2.5 km upstream of Dingley Bore (Fig.7.2a, AMl-4b). On the ground, the

palaeochannel appears as a lightly vegetated swale of yellowish red (5 YR 4/6), silty sands
flanked by floodplain deposits and aeolian sandplain. Where it branches from the
Sandover, the swale is about 1 km wide but rapidly narrows down to around 150 m and
runs parallel to the Sandover Highway before terminating in a waterhole. The total length
of the swale is around 8.5 km. As the downstream end is a sacred site for the local
Aboriginal population, investigations were restricted to the first 3 km of the swale.
Two holes drilled in the centre of the swale some 2 km apart revealed the nature of the
subsurface deposits. In both instances, 1.5-2.0 m of yellowish red (5YR 4/6), silty
sands graded downwards into 2.5-4.0 m of poorly sorted sands and granule/pebble
gravels. The poor sorting and coarse texture of the sediments clearly indicate a channel
fill with a muted fining upwards succession. In both holes, there was an abrupt junction
between the channel fill and the underlying indurated, red (2.5YR 5/8), silty sands with
minor carbonate. Three holes drilled through the floodplain and aeolian sandplain
adjacent to the modern surface swale failed to intersect channel sands or gravels even at
depths of 7-8 m. This suggests that the present-day surface topography broadly follows
the subsurface distribution of channel sands.
The size and relationship of the palaeochannel to the modern Sandover River suggest that
it was a distributary channel. A TL age of 9.7 ± 0.9 ka (W1946) for the channel sands at
3 m depth indicates that the palaeochannel was actively transporting a coarse bedload of
sands and gravels during the early Holocene with subsequent abandonment and slow
infilling by finer overbank material from the Sandover River.
In addition to this palaeochannel, two holes drilled in the northernmost of the two
reforming channels (Fig.7.2a - AM21-22) also encountered 2.5-3.5 m of coarse sands
and granule/pebble gravels beneath 1.5-2.0 m of alluvial silty sands. This further
indicates the existence of older alluvial fills beneath the floodout. Similarly, buried
palaeochannels can also be located in the floodout zone at Ooratippra. For instance, to the
northwest of Matrice Bore (Fig.7.2b, 0026-28), a small swale (2.5-3.0 km long and 5080 m wide) marks the line of a palaeochannel which intersects the northernmost of the
distributary channels. A hole drilled in the centre of this swale intersected 2.5-3.0 m of
poorly sorted coarse sands beneath a 2.0-2.5 m surface cover of yellowish red (5YR 4/6)
to red (2.5YR 5/6) silty sands. The base of the channel fill was marked by a transition to
weathered regolith overlying calcareous bedrock. Holes drilled on the floodplain to either
side of the swale failed to encounter any thick deposits of channel sands although the
widespread basal layer of sands and gravels overlying bedrock was present. As for the
palaeochannel at Ammaroo, this suggests that the present-day surface topography broadly
follows the subsurface distribution of channel sands.

7.6.5.2 Younger channel fills
In addition to these older palaeochannels, examples of channel fills resulting from
avulsions on more recent timescales can be found at both Ammaroo and Ooratippra. At
Ooratippra, for instance, aerial photographs taken since 1950 show that the termini of the
two channels have extended into the floodout in response to the recent series of large
floods (Chapter 8). On the northernmost of these two channels, avulsion and excavation
of a new channel resulted in abandonment and infilling of the former channel at some
stage after 1950. Today, the 700-750 m long infilled section of channel is a narrow (3 m
wide) depression lined with coolibah (E. microtheca) and shrubs and marked by low
levees of silty sands (Plate 7.3). Trenches excavated in the depression encountered
shallow (0.3-0.7 m thick) fills of structureless, fine-medium sands beneath 0.1-0.25 m of
yellowish red (5YR 4/6), silty sands, indicating the relatively slow rates of deposition
near and on the floodout.
At Ammaroo, abandonment of the lowermost 5-6 km of the Sandover and excavation of a
new channel in the floodplain sediments (Plate 7.5) provides an example of a recent,
large-scale avulsion. Avulsion occurred during the 1974 flood event with infilling of the
former line of the channel still continuing today. The known date of this avulsion and
ease of field access provided an excellent opportunity to examine the characteristic
patterns of infilling in greater detail.
Today, the former line of the Sandover is marked by well-defined banklines of dead
coolibahs {E. microtheca). For much of its 5.0-5.5 km length, the palaeochannel is 160180 m wide, of low sinuosity and single-thread but with some localised backchannels.
Near its terminus, the palaeochannel breaks into a number of small (10 m wide)
distributary channels. The surfaces to either side of the channel mainly consist of lowrelief, sparsely vegetated floodplains of silty sands but small source-bordering dunes have
developed locally.
Holes drilled at various points along the line of the palaeochannel indicate the nature of the
channel fill (Fig.7.6). In all instances, the poorly sorted sands and gravels are underlain
by a sharp contact with yellowish red (5YR 5/6), silty sands, which in turn abruptly pass
into the red (2.5YR 4/8), silty sands found at shallow depths throughout the floodout
zone (Section 7.6.2). At the point of avulsion, the channel is almost completely infilled
with 3.0-3.5 m of poorly sorted sands and granule gravels. The fill rapidly decreases in
thickness along the length of the palaeochannel to around 1 m within 3 km and to 0.5 m
or less in the distributary channels (Fig.7.6). The decreasing downstream thickness of
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Figure 7.6 Sketch map of the abandoned channel of the Sandover River showing stratigraphie logs and surveyed cross-sections. See Figure 7.3 for legend.
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the fill results from two main factors: first, as overbank flows emanating from the
Sandover River have to be progressively more extreme to persist to the end of the
palaeochannel, the degree of sedimentary infilling also decreases in this direction; second,
as the cross-sectional area of the channel cut into the flanking alluvial surfaces decreases
downstream, the potential for deep accumulations of sands and gravels is restricted. In
many locations, a general fining upwards succession is evident although this is best
developed at the point of avulsion where the fill is thickest. Sediment samples from the
surface of the fill typically consist of moderately sorted, very fine to medium sands.
Although these samples are slightly finer than the bed material of the present-day
Sandover River, to date there is little evidence of infilling by finer silts and clays.
At the point of avulsion, downcutting by the new course of the Sandover has exposed the
uppermost 2 m of the palaeochannel fill enabling further investigation of the nature of the
fill. The dry, uncohesive sands hmited the opportunity for extensive trenching of the fill
but it was possible to excavate a limited number of shallow trenches. In the 1995 field
season, several months after the large floods of March of that year, three trenches were
excavated at different points across the width of the exposure (Fig.7.7 - T2, T4, T5).
The trenches indicate a variable pattern of infill but show structureless sands or silty sands
passing downwards into parallel-laminated and tabular cross-bedded, medium to coarse
sands, with occasional granules. Strata vary between 3 and 50 cm in thickness with
individual laminae often highlighted by the presence of large amounts of heavy minerals,
such as mica. Boundaries between the strata are generally distinct. In many instances,
lateral continuity of the strata are good, often extending for several metres to either side of
each section.
In addition to exposure of the fill, downcutting by the new course of the Sandover River
also enabled investigation of the neighbouring floodplain sequences and the relationship
to the palaeochannel fill. The nature of the contact between the channel fill and floodplain
alluvium is partly obscured by slumping of the banks and several fallen trees.
Nevertheless, a section of the floodplain alluvium excavated 10-15 m from the right-hand
margin of the fill (Fig.7.7 - T3) showed 1-1.5 m of yellowish red (5YR 5/6),
structureless silty sands capped by 0.5 m of interbedded silty sands and fine sands.
Hence, on the right-hand margin of the palaeochannel, the contact between the channel
and overbank sediments appears to be relatively abrupt with the dominantly sandy fill
laterally passing into finer-grained floodplain sequences over a relatively short distance.
In contrast, on the left-hand side of the palaeochannel, the contact between the fill and the
floodplain is poorly defined. A section excavated in the floodplain alluvium (Fig.7.7 Tl) showed 1.5-2.0 m of yellowish red (5YR 5/6), silty sands interbedded with
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Figure 7.7 Excavated trenches in the abandoned channel of the Sandover River at the point of avulsion, showing the stratigraphy and sedimentology of the channel fill and
adjoining floodplain sediments. See Figure 7.3 for legend. Note change in vertical scale of the stratigraphie columns as compared to Figures 7.3-7.6.
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parallel-laminated fine to medium sands. Aerial photographs of this section of the
palaeochannel reveal the poorly defined channel margin in this location (Plate 7.5).
Furthermore, holes drilled in the floodplain alluvium (Fig.7.6 - AM 13-15) on this side of
the palaeochannel also intersected 0.4-0.8 m thick units of fine sand at shallow depths
beneath the surface. Hence, on this side of the palaeochannel, the contact between the
channel and overbank sediments appears to be more gradational with the floodplain
sequences containing a higher proportion of sands.
Further along the palaeochannel, however, the left-hand margin of the palaeochannel is
better defined and the contact between the channel fill and the fine-grained floodplain
sequences is more abrupt. A large hole, approximately 8 m in diameter and more than 30
m deep, provides exposure of the floodplain alluvium just a few metres from the edge of
the palaeochannel (Fig.7.6). This hole is probably a collapsed hand-dug well, possibly
dating to early European settlement in the region. The unstable edges of the hole limited
detailed inspection of the exposure but general observation showed a thick, massive
sequence of brown to red, fine-grained material with little evidence of sandier units
despite close proximity to the channel fill.
Together, the data from Ammaroo and Ooratippra indicate the general nature of channel
fills in the floodout zones. A greater number and wider distribution of drill holes is
needed before definitive statements can be made as to the geometry of the sand bodies,
but contacts with the surrounding finer-grained deposits generally appear to be relatively
sharp, suggesting that they assume the form of distinct bodies of sands and gravels
encased in fine-grained deposits. From the examples described, however, the thickness
and lateral extent of these sand bodies appear to be relatively limited. Hence, although
channel fills provide locally important accumulations of coarse-grained sediments, they
form only a minor proportion of the predominantly fine-grained alluvial sequences in the
floodout zone.
7.6,6

The floodout

zone of the Woodforde

River

Excavation of a small number of trenches, inspection of bank exposures and TL dating of
sediments in the floodout zone of the Woodforde River supports the observations and
interpretations made at Ammaroo and Ooratippra. TL samples from the red (2.5YR 4/8),
silty sands which form the upstream terraces and disappear beneath younger alluvium at
the emergence point (Chapter 6, Plate 6.1) provided ages of 17.8 ± 2.2 ka (W2000) and
32.0 ± 11.2 ka (W1857). TL samples of the overlying yellowish red (5YR 4/6), silty
sands from the emergence point and from another bank exposure further downstream
gave ages of 4.7 ± 0.4 ka (W1857) and 1.9 ± 0.3 ka (W2001). The wide age difference

between these two alluvial units is similar to that established for the deposits at Ammaroo.
Exposures of the red alluvium at the base of the banks in overwidened sections of the
channel suggests that it also forms a widespread layer underlying the more recent,
shallow deposits of the floodout zone.
The presence of features such as splay channels and aeolian dunes in the floodout zone of
the Woodforde River (Chapter 6), suggests similarity with the sedimentary sequences at
Ammaroo and Ooratippra. For instance, the predominantly fine-grained floodplain
sequences are demonstrated by the stratigraphie exposures in a large hole, approximately
5 m in diameter and depth, located on the floodplain near to the emergence point. This
hole is similar to the one at Ammaroo (although less deep) and may also be a hand-dug
well. Inspection of this hole showed a thin (0.5-1.0 m thick) capping of yellowish red (5
YR 4/6), silty sands overlying 4.0-4.5m of indurated, red (2.5 YR 4/6), silty sands with
nodular pedogenic carbonate at 4.0-5.0 m depth.
Aerial photographs of the Woodforde River also show numerous palaeochannels or
buried splay channels in the floodout zone. Trenches excavated in one recently buried
splay intersected medium to coarse sands and granule gravels at shallow depths (20-30
cm) beneath an overburden of silty sands. In addition, exposure of fluvial gravels occurs
at a knickpoint on one of the reforming channels (Chapter 6, Plate 6.4), indicating the
existence of older alluvial fills beneath the surface of the floodout. Hence, as at Anamaroo
and Ooratippra, these local accumulations of sands and gravels contrast with the overall
low proportion of coarse-grained sediments in the stratigraphy of the floodplains and
floodouts.
7.7

COMPARISONS

WITH

THE

DEPOSITS

OF

OTHER

LOW-

GRADIENT, SEMI-ARID AND ARID FLUVIAL SYSTEMS
Schematic illustrations of the sedimentary architecture typical of the floodout zones of the
Sandover, Sandover-Bundey and Woodforde Rivers are presented in Figure 7.8. The
stratigraphy and sedimentology of these floodout zones is undoubtedly characteristic of
many such features on the Northern Plains of central Australia. Floodout zones consist of
the upstream channel tract and the downstream floodout and thus contain a mix of both
channel and 'overbank' ('floodplain') deposits. Figure 7.8a illustrates the typical features
of intermediate floodouts as found on the Sandover and Woodforde Rivers. In these
instances, the location of the floodout zone relates to the downvalley burial of the
upstream terraces by younger alluvial deposits and channels reform downstream of the
floodout. Figure 7.8b illustrates the terminal floodout of the Sandover-Bundey at
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Figure 7.8 Schematic illustrations of the characteristic sedimentary architecture of floodout zones in the Alice Springs region: a.) intermediate floodouts of the Sandover
and Woodforde Rivers; b.) terminal floodout of the Sandover-Bundey River.
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Ooratippra, where the alluvial deposits of the floodout zone are underlain by bedrock at
shallow depths and where there are no channels downstream of the floodout.
Despite differences in the geomorphology of intermediate and terminal floodouts, the
floodout zones of the Sandover, Sandover-Bundey and Woodforde Rivers nevertheless
show a number of similarities in stratigraphy and sedimentology (Fig.7.8). These
similarities include: first, the thin veneer of Holocene sediments over older, heavily
weathered sediments or bedrock; second, the paucity of sedimentary stnjctures preserved
in the floodplain or channel deposits; third, the superficial nature of many of the
morphosedimentary features of the floodout zone; fourth, the incorporation of aeolian
sediments in the alluvial sedimentary sequences; fifth, the presence of channel sands and
gravel bodies encased in predominantly fine-grained overbank sequences; and finally, the
general downvalley decrease in the ratio of channel sands and gravels to overbank fines.
Many of the stratigraphie and sedimentological features of the floodout zones of the
Sandover, Sandover-Bundey and Woodforde Rivers are characteristic of many other lowgradient, semi-arid and arid fluvial systems, particularly those systems characterised by
abundant bedloads which are subject to declining downstream flows and gradients. In
central Australia, for instance, a thin veneer of younger (typically Holocene) alluvial
sediments over more heavily weathered deposits have been noted from a number of
piedmont settings close to the central ranges (Litchfield, 1969; Pickup, 1991; Patton et
al, 1993). In many instances, these younger deposits are massive and lack internal
stratification and also are often associated with a series of subtle morphological features
such as sand threads, sand sheets and transverse bedforms (Pickup, 1991; Patton et al.,
1993).
Similarly, there have been a number of descriptions of alluvial sequences interdigitating
with aeolian sands in arid and semi-arid environments, both from the rock record (e.g.
Ward, 1988; Langford and Chan, 1989; Olsen, 1989; Deluca and Erikkson, 1989; Dam
and Andreasen, 1990; Trewin, 1993; Smith et al, 1993) and from modern examples (e.g.
Glennie, 1970; Lancaster and Teller, 1988; Ward, 1988; Langford, 1989; Callen and
Bradford, 1992; Kelly and Olsen, 1993a). In the Alice Springs region of central
Australia, a layer of aeolian sediments underlies the Holocene alluvial sequences of the
Ross River Plain (Patton et al, 1993). More extensive alluvial-aeolian successions are
likely to be found in the distal reaches of drainage systems terminating in the western
Simpson Desert but there have been no detailed investigations to date. In the Channel
Country of western Queensland, study of the Cooper Creek floodplain (Nanson et al,
1988; Maroulis, in prep.) has shown how aeolian dunes are slowly incorporated in
floodplain sequences by the gradual accretion of muds around their margins. This is

similar to the burial of aeolian dunes on the floodouts of the Sandover and Woodforde
Rivers, but rates of accretion are far higher on the Cooper due to the greater frequency of
flood flows.
Examples of predominantly fine-grained arid and semi-arid floodplain sequences
containing channel sand and gravel bodies have also been widely described both from the
rock record (e.g. Friend, 1978; Friend et al, 1979; Wells, 1983; Rust and Legun, 1983;
Nichols, 1987; Olsen, 1987; Kelly and Olsen, 1993a, b; Sadler and Kelly, 1993) and
modern arid and semi-arid depositional environments (e.g. Rust, 1981; Rust and Legun,
1983; Parkash et al, 1983; Nanson et al, 1988; McCarthy et al, 1991, 1992). They are
particularly characteristic of anastomosing, anabranching and distributaiy channel pattems
where the principal mode of deposition is by vertical accretion of floodplains and channel
change is mainly by avulsion.
Leeder (1978, 1982) considers that the relative density of channel deposits and their
connectedness depends upon three main factors: first, the frequency of channel migration
and avulsion; second, the rate of floodplain accretion; third, the ratio of channel belt width
to floodplain width. Although there is little quantitative data, the density of channel
deposits is likely to be relatively high for terminal fans, which are found in piedmont
settings where relatively frequent flows and predominantly sandy bank sediments lead to
high rates of accretion and promote avulsion (Mukerji, 1975, 1976; Friend, 1978;
Abdullatif, 1989; Kelly and Olsen, 1993a, b). In other depositional settings, however,
the density of channel deposits is often far less. For example, on Cooper Creek in
western Queensland, lateral migration and avulsion of the anastomosing channels is
restricted by cohesive banks, the rate of floodplain accretion is very low because
overbank flows are spread over a very wide area and active channels only occupy about
3% of the floodplain area (Rust, 1981; Rust and Legun, 1983).

The result is a

predominantly muddy succession of floodplain sediments with occasional channel sand
bodies. Similarly, from the rock record. Wells (1983) has described a sand-poor, redbed
complex resulting from deposition by small, transient, frequently avulsing streams that
flowed into a very flat, aggrading, semi-arid basin. The few small sandstones present
represent single-storey channels filled with simple fining-upwards successions and are
isolated in red mud. Estimates suggest that the floodplain sequences consist of around
18.6 m of clay to each metre of channel deposit (Wells, 1983).
In the floodout zones of the Sandover, Sandover-Bundey and Woodforde Rivers, sand
bodies result either from channel avulsion or from deposition in splay channels
(Figs.7.8a, b). Although more extensive stratigraphie and chronologic investigations are
needed before quantitative statements regarding the density of channel deposits and rates

of deposition can be made, in all thi'ee instances the ratio of channel deposits to overbank
fines is likely to be lower than for systems such as terminal fans, on account of the
distance from the headwater source areas and the relatively wide area over which
deposition occurs. In addition, the paucity of sedimentary structures in channel fills and
floodplain sequences is a further contrast to descriptions of the facies of terminal fans,
where structures such as trough and tabular cross-bedding, parallel lamination and
climbing ripple lamination are typically abundant and well-preserved (Parkash et al,
1983; Olsen, 1987; Abdullatif, 1989). The paucity of sedimentary structures in the
central Australian floodout zones is attributed to the relatively coarse bedloads
transported, the low rates of accumulation and bioturbation of freshly deposited sediment.
Nevertheless, in common with terminal fans, floodout zones show a broad downvalley
decrease in the ratio of channel sands to overbank fines as channelised flow gradually
disappears. There is no simple transition, however, as indicated by the widespread
presence of channel fills beyond the present channel termini.

7.8 NATURE OF THE LONG-TERM SEDIMENTARY RECORD
The descriptions of the geomorphology and late Quaternary depositional sequences in
floodplains and floodouts (Chapter 6; Sections 7.2-7.7) pose a number of questions as to
the nature of the longer term sedimentary record preserved on the low-gradient plains of
the Alice Springs region. In his account of the long-term denudational chronology of the
region, Mabbutt (1967) argued that there has been greater persistence of drainage lines on
the Northern Plains as compared to systems draining south from the central ranges. On
the Sandover and Bundey Rivers, for example, there is strong evidence of drainage
continuity since at least the early Tertiary (Chapter 2). While these assertions may hold at
the catchment scale, in detail the distribution of alluvial red earths and the widespread
palaeochannels suggests that rivers have deposited alluvium over large areas of the
Northern Plains. In particular, there are numerous examples of large palaeochannels
lying adjacent to the modem channels and floodouts.
In the Sandover and Bundey catchments, palaeochannels are evident in three main
locations: to the north of the Sandover River near Ammaroo, to the south of the Bundey
and Sandover-Bundey Rivers near Junction Waterhole and to the north of the SandoverBundey near Ooratippra (Fig.7.9). On aerial photographs, the palaeochannels appear as
darker areas amongst the lighter regional sandplain, reflecting subtle vegetation patterns in
response to the likely subsurface variations in moisture. The palaeochannels are of
varying size and shape but are usually less than 250 m wide and are typically moderately
to strongly sinuous in plan. The palaeochannels trend oblique to the orientation of the
regional sandplain and in one or two instances, such as to the north of the Sandover River
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Figure 7.9 Sketch maps illustrating the palaeochannels of the Sandover and Sandover-Bundey Rivers (based on interpretation of black-and-white aerial photogr^hs, 1971
series, 1: 80 000 scale).
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near Ammaroo (Fig.7.9 - location A), arcuate ridges within the meander loops indicate a
ridge-and-swale topography (scroll bars) which suggests active migration of the channels
at the time of their formation. The margins of the palaeochannels are poorly defined in
many instances but measurements from aerial photographs suggest that wavelengths are
similar to those of the modern channels where they are confined by alluvial terraces
(Chapter 8).
The palaeochannels are largely unidentifiable on the ground, lying buried beneath vast
expanses of aeolian sandplain where there is little or no vehicular access. Nevertheless,
field inspection of one of the more accessible palaeochannels of the Sandover-Bundey
River near Ooratippra (Fig.7.9 - location C), revealed surficial deposits of rounded to
subrounded pebbles and cobbles with intermediate axes up to 50 mm in a matrix of silts
and sands. This calibre of material is far larger than the material transported by the
present-day Sandover-Bundey River (Chapter 4, Fig.4.9b) indicating a much more
competent flow regime when the channel was active.
Palaeochannels can also be found adjacent to the present-day channels of a number of
other drainage systems on the Northern Plains, such as the Woodforde, Hanson and
Landar Rivers (e.g. Mabbutt, 1977; Shaw and Warren, 1975; Freeman, 1986; Stidolph et
aL, 1988). In particular, palaeochannels are often found adjacent to and beyond the
margins of the present-day channels in the floodout zones.

Thus, the widespread

evidence of palaeochannels in the medial and distal reaches, combined with the sometimes
limited depth of alluvial sequences in the floodout zones (such as at Ooratippra - Section
7.6.3), suggests that shifts in the loci of alluvial deposition have occurred over time. It is
unclear, however, whether the mechanism for these long-term, large-scale shifts in the
area of sedimentation involves lateral channel migration or avulsive relocation of
channels.
In the Sandover and Bundey catchments, meander patterns and occasional scroll bars
preserved in some palaeochannel traces indicate lateral migration of many former
channels. Hence, local reworking of the plains will have occurred. If the whole of the
plains were reworked over time by lateral channel migration, however, a fairly uniform
distribution of palaeochannels might be expected. Instead, palaeochannels are clustered in
three main locations (Fig.7.9) suggesting that channel relocation has occurred mainly by
avulsion. However, the factors promoting long-term, large-scale channel avulsion are
less clear.
Many definitions and descriptions of avulsion refer to the sudden abandonment of a part
or the whole of a channel for a new course at a lower level as a result of the long term

build up of sediment in the near-channel environs in the form of an 'alluvial ridge' (e.g.
Allen, 1965, 1985; Leeder, 1982; Smith et al., 1989; Brizga and Finlayson, 1990). A
range of other processes can also result in avulsion, however, such as progressive
reduction in the capacity of a parent channel by in-channel bench accretion (e.g. Taylor
and Woodyer, 1978; Riley and Taylor, 1978; Schumann, 1989). Avulsion is also
common downstream of confining uplands, such as on alluvial fans (Bull, 1977), or on
low-gradient fluvial systems depositing alluvium in a fan-shaped form (e.g. Litchfield,
1969; O'Brien and Burne, 1994). In these instances, channel change may combine
elements of both lateral migration and avulsion in that small changes in the position of the
channel as it emerges from its confined setting may lead to large shifts in the position of
the channel further downvalley.
Channel relocation relating to emergence from a relatively confined to a relatively
unconfined setting is useful for explaining the distribution of palaeochannels in the
Sandover and Bundey catchments, for many occur a short distance downstream from
where the rivers exit through broad gaps in the Northeastern Uplands (Chapter 2; Fig.7.9
- locations A and B). The distribution of the Bundey palaeochannels (location B) and
similar palaeochannels of the Marshall and Plenty Rivers lead Freeman (1986, p.4, his
Fig. 12) to refer to them as 'palaeo-alluvial fans'. However, for the palaeochannels of the
Sandover-Bundey River north of Ooratippra (location C), many lie beyond the
downvalley extent of the modern channels suggesting that they may relate to the general
retraction of drainage that has occurred during Cainozoic times (Chapters 2 and 6).
Lateral shifts in the area of deposition have also occurred, but in the absence of any
transition from a confined to an unconfined setting.

Whatever the mechanism for long-term shifts in the areas of alluvial deposition in the
distal reaches - be it lateral channel migration, channel avulsion or channel change
involving elements of both sets of processes - there are a number of implications for the
resulting sedimentary records preserved on the plains of central Australia. On lowgradient plains where there are relatively few topographic obstructions to flow, regular
shifts in the areas of deposition mean that the alluvial landscape is reworked over time and
sediments are partly laid down in lateral (as opposed to the more usual vertical)
sequences. While the distribution and nature of channel fills are often the most important
source of information for reconstructing the fluvial history of the drainage systems, the
resulting 'horizontal' stratigraphy means that it is hard to apply the principle of
superposition to obtain an idea of even the relative age relationships of the deposits. As
many of the palaeochannels also lie beyond the range of TL dating in this environment
(Chapter 8), their age remains unknown.

7.9

CONCLUSION

Floodplains along the Sandover, Bundey and Woodforde Rivers change in chai'acter from
small, often discontinuous pockets of alluvium in the upland zones, to alluvial deposits
inset within confining bedrock, alluvial or aeolian surfaces in the piedmont and lowland
zones, to broader alluvial tracts in the floodout zones. The basic distinction between
relatively confined reaches in the upland, piedmont and lowland zones and relatively
unconfined reaches in the floodout zone has a number of implications for the processes of
floodplain formation and destruction and the resulting alluvial sedimentary sequences.
In the confined reaches, overbank vertical-accretion is the main process of floodplain
formation but in many reaches of the Bundey and Woodforde Rivers, the accretion of inchannel ridges and islands is also an important process. Floodplains and ridges are
typically composed of a basal layer of coarse sands and gravels with a finer overburden
of largely structureless sands and silts. Floodplains typically have very little surface
relief. The unconfined reaches of the floodout zone consist of the upstream channel tract
and the downstream floodout. Floodplains are typically composed of a thin veneer of
Holocene sediments over older, heavily weathered Pleistocene alluvium or bedrock and
form by a number of processes including vertical-accretion, lateral accretion and
abandoned-channel accretion. The floodplain sequences largely consist of structureless,
fine-grained sands and silts, but also incorporate sandy and gravelly channel fills as well
as aeolian sands. Features such as splay channels and abandoned channels provide some
variation to the otherwise low-relief surface of the floodplains and floodouts. A number
of palaeochannels can be found adjacent to both confined and unconfined reaches and
suggest reworking of the alluvial landscape over long time periods. Hence, the long-term
sedimentary record on the low-gradient plains of central Australia is, in part, characterised
by lateral sequences of alluvial sediments.

The descriptions of floodplain forms, processes and sediments in the confined and
unconfined reaches of the Sandover, Bundey and Woodforde Rivers provide a valuable
addition to the relatively small body of knowledge on desert river floodplains. There is
growing interest in arid and semi-arid fluvial systems as possible modern analogues for
fossil-fuel bearing geologies and thus characterisation of alluvial sedimentary sequences
in areas such as central Australia is likely to become increasingly important.

The

sedimentary sequences in the floodout zones are likely to be of particular interest in this
regard because they have greater preservation potential than deposits in the relatively highenergy headwater and piedmont areas (cf. Stear, 1983).

The floodplains of the Sandover, Bundey and Woodforde Rivers have formed as a result
of a number of different processes and are characterised by a variety of active and
abandoned fluvial features. By recording changes in the character of the channels that
formed them, floodplains can be viewed as integrators of hydrological events within the
catchments.

Hence, in conjunction with other lines of evidence, they can usefully

contribute to a better understanding of Quaternary fluvial change, the elucidation of which
is the focus of the next chapter.

Part III
QUATERNARY HISTORY AND CONCLUSIONS

CHAPTER 8
LATE QUATERNARY FLUVIAL CHANGE
8.1 INTRODUCTION
The Quaternary history of fluvial change provides the potential for reconstructing past
flow regimes and palaeoclimates as well as the background for understanding the presentday fluvial environment. In Australia, Quaternary fluvial histories have been described
for rivers of the Top End (Nanson et al, 1991, 1993a; Nott and Price, 1994; Nott et al,
1996), in the Lake Eyre basin (Nanson et ai, 1988; Croke et ai, 1995), in southeastern
Australia (Warner, 1972; Bowler, 1978; Bowler et al, 1978; Nanson and Young, 1987,
1988; Williams et al, 1991; Fried, 1993; Page et al, 1991, 1996) and in Western
Australia (Wyrwoll, 1984, 1988a, b; Wende et ai, in press). Along with investigations
of associated lacustrine and aeolian depositional environments, such studies have
established the nature, magnitude and sequence of major palaeoenvironmental change for
many areas of the continent.
In contrast, relatively little is known about Quaternary environmental and fluvial change
in the Alice Springs region of central Australia and the time relationships with
corresponding changes elsewhere in Austraha (Chappell and Grindrod, 1983; Chen et al,
1993). The most detailed sedimentary sequences for the region have been provided by
recent studies of the lacustrine and aeoUan deposits of Lakes Amadeus and Lewis (Chen
and Barton, 1991; Chen et al, 1990, 1991a, b, 1993, 1995). In comparison, there have
been relatively few studies of fluvial sequences in the region and much of the work that
has been conducted either suffers from an ill-defined chronology (e.g. Litchfield, 1969)
or has been limited to small rivers (e.g. Patton et al, 1993) and relatively short reaches of
large rivers (Baker et al, 1983a; Pickup et al, 1988; Nanson et al, 1995) (Chapter 2).
This chapter consists of two parts. The first part presents the results of TL and U/Th
dating of fluvial deposits of the Sandover, Bundey and Woodforde Rivers. Some site
descriptions and TL ages have already been presented in earlier chapters and the aim here
is to provide an overview and further interpretations. Previous interpretations of fluvial
change in central Australia are briefly outlined (Section 8.2) and the TL and U/Th
sampling locations, site descriptions and analytical data are presented (Sections 8.3). The
evidence for fluvial activity during different time intervals in the late Quaternary is
discussed (Section 8.4) before inference is made as to the likely nature of fluvial and
climatic change in the region (Section 8.5). This part of the chapter closes by considering

the possible Aboriginal impact on the fluvial landscape during the late Holocene (Section
8.5.4). The second part of the chapter considers the fluvial changes that have occurred
during historical times against the background of longer term Quaternary change. The
impact of the large floods of the last 30 years on the Sandover, Bundey and Woodforde
Rivers is outUned (Section 8.6) and discussed with reference to European influence in the
region and concepts of geomorphic effectiveness (Sections 8.6.1-8.6.2).
8.2

OVERVIEW OF LATE QUATERNARY FLUVIAL AND CLIMATIC

CHANGE IN THE ALICE SPRINGS REGION
The alluvial sediments of river systems draining the ranges in the Alice Springs region
preserve a long history of both morphologic and sedimentologic changes in channel
regime. However, there have been relatively few studies of these sedimentary sequences.
This is partly a reflection of the general paucity of fluvial research in the region but also
because of the problems of dating such sediments by conventional techniques such as
radiocarbon analysis. For instance, early studies of the soil surfaces in areas close to the
central ranges (Jackson, 1962; Litchfield, 1969; Wright, 1978) identified several phases
of alluviation on the basis of soil stratigraphy and soil development, but as a result of the
dating limitations of such work fluvial geomorphologists have only just started to make
use of this information (e.g. Pickup, 1991). Recently, greater use of dating techniques
such as radiocarbon and thermoluminescence (TL) have enabled more detailed
investigations of Quaternary flow regime and channel changes (Baker et al, 1983a;
Pickup et al., 1988; Patton et aL, 1993; Nanson et aL, 1995) but these studies have
concentrated on rivers draining south and southeast from the central ranges and little is
known about the chronology of Quaternary change for rivers draining the Northern
Plains.

Due to the absence of a chronology for many rivers in central Australia, interpretations of
fluvial change have often been inferred from the sequence of changes occurring elsewhere
in Australia, such as the Top End. In particular, the hypothesis of renewed Holocene
fluvial activity has often been stated in geological commentaries on the region (e.g. Shaw
and Warren, 1975; Stidolph et aL, 1988). A key line of evidence in this regard is the
widespread tendency for (assumed Holocene) drainage systems to be incised into older
Quaternary sediments (Mabbutt, 1962, 1967; Shaw and Warren, 1975; Pickup, 1991;
Patton et aL, 1993; Bourke, 1994). Nevertheless, whilst early Holocene fluvial change
has been demonstrated by TL dating of alluvial sediments for rivers such as Magela Creek
and the Gilbert River in the Top End (Nanson et al., 1991, 1993a), as yet there are very
few supporting dates for rivers in central Australia. From a recent study of a short reach
of the Finke River, however, Nanson et aL (1995) found evidence of early Holocene

fluvial activity with decreasing activity after 6 ka, but clearly more dates are needed from
a wider range of rivers to indicate the possible widespread nature and synchrony of this
event.
Earlier chapters have provided evidence for changing fluvial conditions in the catchments
of the Sandover, Bundey and Woodforde Rivers, on various timescales ranging from the
Tertiary to the late Holocene. These changes are recorded in palaeochannels adjacent to
the present channel tracts and in the alluvial sediments forming the terraces and
floodplains that border the present-day channels. Several chapters have referred to the
broad downstream pattern of sedimentary deposits (e.g. Chapter 6, Fig.6.2) and have
considered the implications for present-day channel forms and processes. In addition, TL
and U/Th dating of the deposits provide potential for establishing a Quaternary history for
the drainage systems of the Northern Plains which will allow comparison with previous
interpretations of fluvial change in the region.

8.3 TL AND U/TH DATING
Figure 8.1 illustrates the location of the samples collected for TL and U/Th dating and
Tables 8.1 and 8.3 provide a summary of the site descriptions. Accumulations of
pedogenic carbonate suitable for U/Th dating were relatively rare and samples were only
collected from a few locations. In contrast, TL samples were obtained from a variety of
geomorphic and stratigraphic locations along the Sandover, Bundey and Woodforde
Rivers in an attempt to achieve three broad objectives: first, to look at the downstream
chronology of sedimentary units along each of the three systems; second, to allow a
comparison between the three systems; and third, to enable comparison with the results of
previous studies.
Practical considerations inevitably involved some compromise of these objectives. Due to
the vast areal extent of the three catchments, the difficulties of sampling often highly
indurated deposits and the complex of patterns of deposition in the piedmont zones, most
attention focused on the lowland and floodout zones. This concentration of dating effort
proved complementary to the detailed study of the fluvial forms and processes in this part
of the system where sedimentary changes have been shown to correspond with major
changes in channel morphology (Chapter 5 and 6). In particular, attention was focused
on the downstream pattern of terraces and floodplains evident along the three drainage
systems.
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Figure 8.1 TL sample locations and TL ages forfluvialand aeolian sediments from the catchments of the Sandover, Bundey and Woodforde Rivers.
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Table 8.1 TL sample locations and site descriptions
Sample
W1627

Location
SandoverBundey R. at
Ooratippra
SandoverBundey R. at
Ooratippra

Deposit
Fluvial
Fluvial

Indurated, brownish yellow (lOYR 6/8), silty sands
exposed in bed of channel beneath modem sands - some
grey/red mottling and minor cementation of quartz
grains by goethite.

Aeolian

Red (2.5YR 5/8), slightly silty, fine to medium sands
from aeolian dune complex. 4 m below top of dune
(~2.5-3m above W1850).

W1630

SandoverBundey R. at
Ooratippra
Woodforde R.

Fluvial

Yellowish red (5YR 4/6), sandy silts from in-channel
ridge. 1.2 m below top of ridge.

W1631

Woodforde R.

Fluvial

Yellowish red (5YR 4/6), sandy silts from left-hand
continuous floodplain.
1.2 m below surface of
tloodplain.

W1848

SandoverBundey R. at
Ooratippra
SandoverBundey R. at

Fluvial

Uniform, red (2.5YR 4/8), silty sands from 4-4.5 m
right-hand bank exposure. 3.2 m below surface of
floodplain (1.4 m below W1627).
Red (2.5YR 5/8), fine sands from floodplain encircling
aeolian dune complex.
2.5 m below surface of
floodplain.

SandoverBundey R. at
Ooratippra
SandoverBundey R. at
Ooratippra
SandoverBundey R. at
Ooratippra
S ando ver R.
at Ammaroo

Fluvial

W1628

W1629

W1849
W1850
W1851
W1852
W1853

Fluvial

Fluvial
Fluvial

Site description
Uniform, red (2.5YR 4/8), silty sands from 4-4.5 m
right-hand bank exposure.
1.8 m below surface of
tloodplain (1.4 m above W1848).

Poorly sorted, coarse sands and granule gravels buried
beneath aeolian dune complex. - 6 . 7 5 m below top of
dune (-2.5-3 m below W1629).
Red (2.5YR 5/8), silty fme sands from right-hand bank
exposure. 2 m below surface of floodplain (0.4 m
above W1852 and separated by stratigraphic break).
Red (2.5YR 4/6), silty fine sands from right-hand bank
exposure. 2.4 m below surface of floodplain (0.4 m
below W1851 and separated by stratigraphic break).

Fluvial

Yellowish red (5YR 4/6), silty clays overlying red, silty
sands at emergence point. 0.7 m below surface of
floodplain (1.9 m above W1854).
Indurated, red (lOR 4/8), silty sands underiying
yellowish red, silty sands at emergence point. 2.6 m
depth (1.9 m below W1853)
Red (lOR 4/8), slightly silty fine to medium sands from
aeolian sand dune. Some yellow mottling.
4.5 m
below top of dune.

W1854

Sandover R.
at Ammaroo

Fluvial

W1855

Aeolian

W1856

Sandover R.
floodout at
Ammaroo
Woodforde R.

W1857

Woodforde R.

Fluvial

Fluvial

Yellowish red (5YR 4/6), silty sands overlying red, silty
sands at emergence point.
1 m below surface of
floodplain (1.5 m above W1857).
Uniform, indurated, red (2.5YR 4/8), silty sands
underlying yellowish red, silty sands at emergence
point. 2.5 m depth (1.5 m below W1856).

Table 8.1 (continued)
Sample Location
W1944 Sandover R.
at Gem Tree
W1945
W1946
W1947
W1948
W1995
W1996
W1997
W1998

Sandover R.
at Corella
Bore
Sandover R.
at Ammaroo
Sandover R.
at Ammaroo
SandoverBundey
catchment
Bundey R nr.
Derry Downs
SandoverBundey R.
Sandover R.
catchment

(Mueller Ck. nr.
junction with
Waite Ck.)

Sandover R.
at Waite R.
station
W1999 Sandover R.
at Soapy Bore
W2000 Woodforde R.
W2001 Woodforde R.

Deposit
Fluvial
Fluvial
Fluvial
Fluvial
Aeolian
Fluvial
Fluvial
Fluvial

Site description

Fine sand lens from poorly sorted sands and granule
gravels in channel fill exposed in right-hand terrace.
2.35 m below top of teiTace. Development of nodular
carbonate in finer matrix encasing channel till.
Indurated, red (lOR 4/8), silty sands from right-hand
ten-ace. 1.5 m below top of terrace. Minor carbonate
development at depth.
Poorly sorted sands and granule gravels from abandoned
channel fill. 3 m below surface of red. silty sands.
Strong brown (7.5YR 4/6), silty sands from left-hand
bank exposure. 1.2 m below surface of floodplain.
Red (lOR 4/8), fine to medium sands from aeolian
sandplain to the south of the Sandover-Bundey R. 4.5
m below surface of sandplain.
Yellowish red (5YR 5/8), silty sands from right-hand
bank exposure. 1.2 m below floodplain surface.
Nodular carbonate development at 4-5 m depth.
Yellowish red (5YR 4/6), silty sands from in-channel
ridge. 1.2 m below top of ridge.
Indurated, red (2.5YR 4/6), silty sands from left-hand
terrace. 2.5 m below surface of terrace. Minor
carbonate development.

Fluvial

Strong brown (7.5YR 4/6), silty sands from right-hand
floodplain. 1.2 m below surface of floodplain.

Fluvial
Fluvial
Fluvial

Indurated, red (2.5YR 4/8), silty sands from left-hand
teiTace. 1 m below surface of terrace.
Indurated, red (2.5YR 4/8), silty sands from right-hand
terrace. 1.5 m below surface of terrace.
Yellowish red (5YR 4/6), silty sands from left-hand
bank exposure. 1.2 m below surface of floodplain.

Analytical details of TL age determinations are provided in Table 8.2. A total of 24 TL
ages were determined from fluvial deposits along the three drainage systems. The
majority of samples were taken either from floodplains or from terraces bordering the
contemporary channels (Table 8.1) but a smaller number of samples were from
abandoned channel fills. In addition to the sampling of fluvial deposits, three TL ages
were obtained from the regional sandplain and source-bordering dunes in order to provide
some indication of the age of the widespread aeolian deposits and to enable comparison
with adjacent fluvial deposits. Aeolian and fluvial samples were obtained either from
natural bank or gully exposures, by hand augering or by hollow augering. Chapter 3
provides full details of the field sampling methods and the laboratory procedures
employed in TL age determination.
Considerable problems were encountered in attempts to employ TL in the age
determination of fluvial samples in this environment. First, the high environmental
radiation dose rates in this region of central Australia resulted in early TL saturation of
many samples. For instance, of the five fluvial samples older than 30 ka in age, only
three (W1857, W1945, W1999) yielded finite dates whereas the other two (W1944,
W1997) provided only lower age estimates (Table 8.2). Of the three finite ages, two
(W1857, W1999) are associated with large error bars (representing one standard
deviation) as a result of the samples approaching TL saturation and the consequent slow
TL growth (Table 8.2). As such, the maximum determinable TL age of fluvial samples in
the study area proved to be relatively young. Despite indications of very old fluvial
deposits in the piedmont reaches, and the evidence of numerous palaeochannels adjacent
to the present-day channels (Chapter 7, Fig.7.9), the early saturation of samples
precludes TL dating of sediments older than about 60 ka using quartz grains.
Second, and at the other extreme, the large number of relatively young samples (<5 ka)
meant that the age corrections for residual TL formed a relatively large proportion of the
total TL signal. In some cases, the correction for residual TL accounted for between 48
and 71% of the total age of the sample (e.g. W1849, W1851, W1995, W1996).
Furthermore, it is difficult to know if the present fluvial environment is comparable to that
occurring at the time of deposition of older sediments. It is possible that prior conditions
were more suitable for the bleaching of residual TL in alluvial samples. Given the
difficulty of identifying suitable modern analogues for the determination of residual TL
for older sediments, all the TL ages reported here are uncorrected for residual TL. As
such, the dates probably represent maximum ages.
The absence of organic matter and pedogenic materials in the sedimentary units dated by
TL ruled out direct comparison of the TL dates with ^"^C and U/Th dating methods.

Table 8.2 TL data and ages
Sample

VV1627
W1628
W1629
W1630
VV1631
VV1848
W1849
W1850
W1851
W1852
W1853
W1854
W1855
W1856
W1857

Location

Sandover-Bundey R.
at Ooratinpra
Sandover-Bundey R.
at Ooratippra
Sandover-Bundey R.
at Ooratippra
Woodlbrdc R.
Woodforde R.
Sandover-Bundey R.
at Ooratippra
Sandover-Bundey R.
at Ooratippra
Sandover-Bundey R.
at Ooratippra
Sandover-Bundey R.
at Ooratippra
Sandover-Bundey R.
at Ooratippra
Sandover R. at
Ammaroo
Sandover R. at
Ammaroo
Sandover R. Iloodout
at A m m a r o o
Woodforde R.
Woodforde R.

Annual
radiation
(jnGy/yr)

TL age
(ka)

97.8 ± 4

3578 ± 76

4.0 ± 0.3

1.3 ± 3

82.6 ± 4

3111 ± 7 6

4.8 ± 0.4

1.300 ± 0.005

0.7 ± 3

75.0 ± 4

3 0 8 3 ± 76

7.1 ± 0.6

10.3 ±1.0
9.4 ± 1.2
53.3 ± 5.6

1.950 ± 0.005
1.450 ± 0.005
2.700 ± 0.005

3.7 ± 3
2.3 ± 3
1.6 ± 3

209 ± 4
164 ± 4
81.2±4

6 2 9 9 ± 74
5767 ± 75
4 6 3 3 ± 76

1.6 ± 0 . 2
1.6 ± 0 . 2
11.4 ± 1.2

375

9.3 ± 0.9

2.050 ± 0.005

0.5 ± 3

78.0 ± 4

3958 ± 77

2.4 ± 0.3

300-500

375

70.6 ± 6.4

4.450 ± 0.005

33.1 ± 0 . 9

5459 ± 50

12.9 ± 1.2

325

13.0 ± 1.1

2.700 ± 0.005

74.5 ± 4

4 5 5 5 ± 76

2.8 ± 0.2

Fluvial

275-325
375-500
275-500

3 + 3
assumed
1.4 ± 3

375

9.3 ± 0.7

2.950 ± 0.005

1.0 ± 3

96.2 ± 4

5264 ± 76

1.8 ± 0.1

Fluvial

300-500

375

16.6 ± 2.6

2.850 ± 0.005

1.0 ± 3

114±4

5515 ± 7 6

3.0 ± 0.5

Fluvial

300-500

375

120 ± 13

2.800 ± 0.005

0.9 + 3

81.4±4

4812 ± 7 6

25.0 ± 2.7

Aeolian

300-500

375

238 ± 36

2.700 ± 0.005

1.5 ± 3

84.9 ± 4

4741 ± 7 6

50.2 ± 7.6

Fluvial
Fluvial

275-500
325-500

375
375

44.4 ± 3.9
216±75

3.350 ± 0.005
3.300 ± 0.005

1.4 ± 3
2.6 ± 3

288 ± 4
156 ± 4

9538 ± 76
6 7 3 3 ± 75

4.7 ± 0.4
32.0 ± 11.2

Moisture
content (%)

Temp,
plateau
region ("C)

Analysis
temp ( " O

Palaeodose
(grays)

K content (%)

Fluvial

300-500

375

14.5 ± 1.2

1.350 ± 0.005

1.3 ± 3

Fluvial

275-500

375

14.9 ± 1.3

1.200 ± 0.005

Aeolian

275-500

375

21.9 ± 1.7

Fluvial
Fluvial
Fluvial

300-500
300-500
300-500

375
375
375

Fluvial

275-500

Fluvial
Fluvial

Deposit

V + Th
specific
activity
(Bq/kg)

Table 8.2 (continued)
Sample

W1944
W1945
W1946
W1947
\V1948
W1995
W1996
VV1997

W1998
W1999
W2000
W2()01

Location

Sandover R. at Gem
Tree
Sandover R. at
Corella Bore
Sandover R. at
Ammaroo
Sandover R. at
Ammaroo
Sandover-Bundcy
catchment
Bundey R nr. Derry
Downs
Sandover-Bundey R.
Sandover R.
catchment (Mueller
Ck.)
Sandover R. at Waite
R. station
Sandover R. at
Soapy Bore
Woodlbrde R.
Woodforde R.

V + Th

Annual
radiation
(MGy/yr)

TL age
(ka)

61.8 ± 1.9

4 9 6 9 ± 57

>43.6

0.9 ± 3

87.8 ± 2.7

3603 ± 63

38.7 ± 4.3

2.250 ± 0.005

0.2 ± 3

59.3 ± 1.5

3 8 0 5 ± 55

9.7 ± 0.9

16.6 ± 1.5

2.300 ± 0.005

1.8 ± 0.3

99.3 ± 2.9

4589 ± 6 4

3.6 ± 0 . 3

375

141 ± 2 1

0.950 ± 0.005

1.3 ± 3

62.9 ± 0.8

2445 ± 55

57.7 ± 8.5

375

7.8 ± 0.7

1.300 ± 0 . 0 0 5

1.0 ± 3

106 ± 3 . 2

3698 ± 68

2.1 ± 0 . 2

325

5.7 ± 0.5

1.300 ± 0.005

1.5 ± 3

86.7 ± 2.7

3315 ± 6 3

1.7 ± 0.2

Fluvial

275-325
350-500
300-500

375

257

1.750 ± 0.005

1.8 ± 3

126 ± 3 . 8

4521 ± 7 3

>56.9

Fluvial

275-500

375

18.3 ± 1.6

2.250 ± 0.005

1.0 ± 3

123 ± 1.7

5066 ± 55

3.6 ± 0.3

Fluvial

300-450

375

225 ± 5 3

1.700 ± 0.005

1.5 ± 3

108 ± 3.1

4142 ± 6 6

54.3 ± 12.7

Fluvial
Fluvial

300-500
325-500

375
375

87.4 ± 10.6
11.6 ± 1.6

1.700 ± 0.005
1.800 ± 0.005

2.4 ± 3
2.8 ± 3

148 ± 3.5
201 ± 4.2

4901 ± 70
6028 ± 76

17.8 ± 2.2
1.9 ± 0.3

Deposit

Temp,
plateau
region ("C)

Analysis
temp ( " O

Palaeodose
(grays)

K content (%)

Fluvial

300-500

375

217±73

3.300 ± 0.005

0.5 ± 3

Fluvial

325-500

375

1 4 0 ± 15

1.550 ± 0 . 0 0 5

Fluvial

300-500

375

36.8 ± 3.3

Fluvial

300-500

375

Aeolian

350-500
(scattered)
275-500

Fluvial
Fluvial

Moisture
content (%)

specific
activity
(Bq/kg)

u>

to

Despite this, the validity of the TL ages can be assessed in two ways: first, from their
analytical data (Table 8.2); and second, from their stratigraphic consistency relative to
each other. First, of the 27 samples analysed, only two samples (W1851 and W1996)
exhibited stepped temperature plateaux, indicative either of incomplete bleaching prior to
deposition or of partial re-exposure following deposition (D. Price, pers. comm.). In
these instances, the samples were analysed at the 325°C temperature plateaux, which
represents the more easily minimised electron trap energy level. All other samples were
analysed at a temperature of 375°C which represents the more robust electron trap energy
level (Table 8.2). Second, in the six locations where two or more TL ages were
determined for a vertical sequence of sediments (Table 8.1), there was only one example
of an age reversal (W1851, W1852). This occurred in connection with one of the
samples (W1851) that exhibited a stepped temperature plateau. In this situation, the
upper, older date must be viewed with some caution. In all the other vertical sequences,
the stratigraphically consistent TL ages lend support for their validity.
Table 8.4 provides details of U/Th age determinations. All the U/Th samples were from
alluvial sediments too indurated or chemically altered to be reliably dated by TL or that
were beyond the range of TL dating due to the early TL saturation of sediments in the
region. Unfortunately, however, the majority of samples also proved undatable by U/Th.
Analysis of many of the samples yielded negative slopes on the corrected ^^^Th/^^'^U
isochron plots and the only definite date (ANSTO sample 4681) was associated with large
errors (Table 8.4). This suggests that many samples may be too old to be dated by U/Th,
having reached equilibrium in the decay series. Alternatively, it may indicate
contamination of the samples by detrital thorium and/or violation of the closed system
criteria. These results mean that the age of most of the carbonates are unknown. Thus, it
is not possible to assign a minimum age to the surrounding sediments or to compare these
minimum ages with the TL ages for overlying sedimentary units.
8.4 LATE QUATERNARY FLUVIAL CHANGE
The TL ages presented in Table 8.2 reveal evidence for fluvial deposition ranging over at
least part of the last glacial cycle (Oxygen Isotope Stages 5-1; c. 130 ka-present). From
the sedimentary characteristics of the samples and the TL ages themselves, the fluvial
samples can be regarded as falling into three main age groups: those older than -15 ka (7
samples), those between -15 and ~5 ka (3 samples) and those younger than ~5 ka (14
samples).
The older group of ages represent samples taken from terraces bordering the present-day
channels. Terraces of indurated, red (2.5YR 4/6 - lOR 4/8), silty sands are present

Table 8.3 U/Th sample locations and site descriptions
ANSTO
sample
4678

4679

4680

4681
4682

Location

Site description

Anamarra
Creek
(Sandover R.
catchment)
Gillen Creek at
Gem Tree
(Sandover R.
catchment)

Pedogenic carbonate exposed in shallow (1-1.5 m deep) trenches in
alluvial teirace of red (2.5YR 5/8), silty sands with surface lag of
sub-angular quartz gravels. Carbonate occurs as sub-rounded to
rounded nodules up to 6 cm diameter scattered throughout profile.

Gillen Creek at
Gem Tree
(Sandover R.
catchment)
SandoverBundey R. at
Ooratippra
Woodforde R.

As above but samples taken from lens of pedogenic carbonate at
1.5-2 m depth. Nodules larger and assuming a more tabular form in
places. Carbonates overlie a channel fill of coarse sands and gravels
at 2.25 m +.

Pedogenic carbonate exposed in 5-6 m deep trench excavated in
alluvial teiTace of red (2.5YR 4/8), silty sands with surface lag of
sub-angular quartz gravels. Samples taken from distinct lens of
nodular pedogenic carbonate at 0.4-0.5 m depth. 1.1-1.6 m above
sample 4680.

Pedogenic carbonate exposed in gully dissecting alluvial terrace of
red (2.5YR 4/8), silty sands. Carbonate occurs as small (3-7 cm
long) rhizomes. Samples taken at 2.5-3 m depth.
Pedogenic carbonate exposed in 5-5.5 m deep hole in floodplain
sequence of red (2.5YR 4/6), silty sands. Sediments indurated at
depth. Carbonate present at 4-5 m depth in the form of nodules up
to 5 cm diameter.

5009

Sandover R. at
Corella Bore

Pedogenic carbonate recovered from lens of indurated, red (2.5YR
4/8), silty sands exposed in alluvial terrace. Large amounts of
carbonate present as nodules/rhizomes. Samples taken from
1.6-3 m depth.

5010

Bundey R.
near Deny
Downs

Pedogenic carbonate exposed in road cut through buried terrace of red
(2.5YR 4/8), silty sands. Terrace buried by younger, alluvial silty
sands. Carbonate occurs as large nodules up to 9 cm diameter.
Samples taken from 4-5 m depth.

Table 8.4 U/Th data and ages

4678L1
4678T1
4679L1
4679T1
4680L1
4680T1
4681L1
4681T1
4682L1
4682T1
5009L1
5009T1
5010L1
5010T1

-^"ThZ-'-'U

''"•U/'^'Th
error

ANSTO
Number
1.35
1.39
0.45
0.55
0.47
0.41
0.92
1.33
1.61
2.04
1.37
0.71
0.82
0.85

0.22
0.10
0.04
0.05
0.05
0.02
0.07
0.09
0.10
0.09
0.06
0.03
0.03
0.04

error
1.48
1.33
0.38
0.62
0.45
0.45
0.78
1.03
1.12
1.59
1.64
0.51
0.57
0.84

0.24
0.10
0.04
0.06
0.04
0.02
0.07
0.08
0.08
0.07
0.07
0.03
0.02
0.04

1.21
1.36
0.50
0.78
0.53
0.45
0.57
0.83
1.23
1.80
1.38
0.76
0.90
0.86

0.21
0.12
0.05
0.06
0.05
0.02
0.04
0.06
0.07
0.08
0.06
0.04
0.03
0.05

error

error

error
0.90
0.98
1.11
1.40
1.1 1
1.09
0.63
0.62
0.76
0.89
1.01
1.07
1.09
1.01

0.15
0.07
0.12
0.14
0.12
0.06
0.06
0.05
0.05
0.04
0.04
0.06
0.05
0.05

0.91
1.05
1.17
0.89
1.05
0.91
1.20
1.29
1.40
1.28
0.83
1.39
1.44
1.02

0.14
0.06
0.14
0.10
0.12
0.05
0.05
0.10
0.09
0.06
0.03
0.07
0.07
0.05

Isochron
age (ka)

Isochron
age error
(ka)

Undatable

n/a

Undatable

n/a

Undatable

n/a

95
Undatable

+ 65
-30
n/a

Undatable

n/a

Undatable

n/a

Note: L denotes leach analysis; T denotes total analysis

U)

throughout most of the piedmont and lowland zones of the Sandover, Bundey and
Woodforde Rivers (Plates 8.1-8.2) but, with the exception of sample W1944, all the ages
presented here relate to terraces in the lowland zone of the Sandover and Woodforde
Rivers (Fig.8.1). Due to the absence of suitable exposures, TL samples were not
collected for terraces along the Bundey River. Nevertheless, terraces flanking the
anabranching channels of the Bundey in the lowland zone exhibit the same colouration
and textural characteristics as those on the Sandover and Woodforde Rivers. Although
colouration is not always a reUable indication of age in this environment, the geomorphic
and stratigraphic context suggests that the terraces on the Bundey may be of a similar age
to those in the Sandover and Woodforde catchments further to the west.
The TL ages of the terraces demonstrate the antiquity of fluvial deposits flanking the
modem-day channels of the Sandover and Woodforde Rivers. Nevertheless, the TL ages
of the terraces show inconsistencies both along each system and between the two
systems. Taken as a whole, the terraces show no evidence of TL age-clustering, ranging
from 17.8 ± 2.2 ka (W2000) to >56.9 ka (W1997). On the Sandover River, the terraces
show an apparent tendency to become younger downvalley (Fig. 8.1), although this trend
is complicated by overlap of the error bars attached to some of the dates.
There are two possible explanations for the apparent spread of TL ages for the terraces of
the Sandover and Woodforde Rivers. First, given the similar colouration and similar
textural and weathering characteristics of the samples, they may all relate to the same
depositional unit and thus indicate one protracted episode of fluvial deposition. Given the
considerable age range represented by the samples, however, and the evidence of
relatively short, pronounced phases of late Quaternary fluvial activity in other parts of
Australia, it is more likely that the terraces are diachronous, representing different
episodes of alluviation. Hence, a second explanation is that the spread of ages reflects the
partial preservation of different age terraces at various points along the drainage systems.
Degradation or partial burial of terraces by more recent alluvial deposits is evident today
along many reaches of the rivers, such as on the Sandover River in the vicinity of
Kurrajong Bore (Plate 8.2), and similar processes may have modified many previous
alluvial deposits. Furthermore, in the hot oxidising conditions of central Australia,
induration and red colouration can occur fairly rapidly on freshly deposited sediments.
Thus, over tens of thousands of years, different age sediments may become virtually
indistinguishable on the basis of colouration and weathering characteristics, as has been
demonstrated under humid temperate climates (Young et al., 1987). This line of
explanation may be particularly applicable to the terraces of the large Sandover River
where TL samples are widely separated (Fig.8.1) and where it is hard to trace the terraces
downstream.

Plate 8.1 The Woodforde
River in the lowland zone,
showing how late Holocene
floodplains

of

little

indurated, yellowish red to
strong brown sands and
silty sands (foreground) are
inset within late Pleistocene
terraces of indurated, red,
silty sands (background).
Plate 8.2

Degraded

terrace along the left-bank
of the Sandover River in the
lowland zone. Backwearing
of the terraces by rainwash
and gully erosion means
that the terrace alluvium
now

forms

a

narrow,

sinuous ridge above the
modern

channel

and

floodplain (visible on the

'tsi

far left of the photograph).

In contrast to the number of T L ages older than 15 ka and the large number of T L ages
younger than 5 ka there are only three samples dating to the 5-15 ka time interval
(W1848, W1850, W1946) (Table 8.2). All three T L ages represent samples collected
from the Sandover and Sandover-Bundey Rivers near to their transitions from the
lowland to the floodout zones. No equivalent age deposits have been dated on the
Woodforde River. The T L age of 9.7 ± 0.9 ka for the sample from the Sandover at
Ammaroo ( W 1 9 4 6 ) was determined for alluvial sands and gravels in a buried
palaeochannel (Chapter 7). For the Sandover-Bundey at Ooratippra, one T L age of 11.4
± 1.2 ka (W1848) represents the age of the basal part of the red alluvium that forms the
channel banks in the transition to the floodout zone. The slightly older TL age of 12.9 ±
1.2 ka (W1850) represents palaeochannel sands and gravels buried beneath the large
aeolian dune complex at the point of avulsion and is supported by T L dates obtained for
the surrounding aeoHan and alluvial deposits (Chapter 7, Fig.7.5; Table 8.2).
The largest and youngest group of ages is for near- and in-channel deposits in the
lowland and floodout zones of the Sandover, Bundey and Woodforde Rivers (Fig. 8.1).
Ten samples are from the floodplains of yellowish red (5YR 4/6) to strong brown (7.5YR
4/8), silty sands that are present throughout the lengths of the Sandover, Bundey and
Woodforde Rivers (Plate 8.1).

Of the other four T L ages in this group, two were

determined for samples from in-channel ridges on the Woodforde and Bundey Rivers
(W1630, W1996). The two further samples relate to deposits of the Sandover-Bundey at
Ooratippra: W1627 to the upper part of the sequence of red alluvium forming the channels
banks in the transition to the floodout zone and W1628 to the highly indurated, brownish
yellow (lOYR 6/8) deposit of silty sands exposed in the channel bed beneath modern
sands and gravels. The stratigraphie position of this latter deposit, and its fine-grained
sedimentology, suggest that it is probably an exhumed palaeochannel fill, with its
distinctive colour possibly resulting from unusual groundwater conditions. Litchfield
(1962) has also described yellow earths and yellow clayey sands from floodplains and
floodouts on the Northern Plains. Nevertheless, in view of possible later reworking of
this material, the T L age should be viewed with some caution. This sample aside, the T L
ages range from 1.6 ± 0.2 ka (W1630, W1631) to 4.7 ± 0.4 ka (W1856) and indicate the
relatively young ages of the floodplains and in-channel ridges along the Sandover,
Bundey and Woodforde Rivers. The small error bars attached to the individual T L ages
and the consistency of the ages both along each system and between the three systems
enables a large degree of confidence to be placed in the findings.

Despite the problems in interpreting the relatively limited number of TL ages obtained,
some general conclusions can nevertheless be drawn.

First, there is a general

correspondence of the dates from the Sandover, Bundey and Woodforde Rivers
suggesting synchronous evolution of these drainage systems. Second, the ages
determined illustrate the pattern of terraces and inset floodplains in the lowland zone and
the disappearance and shallow burial of the terraces in the transition to the floodout zone.
Third, the ages demonstrate the Pleistocene age of the terraces and the relatively young
(late Holocene) age of the sediments forming the contemporary floodplains and floodouts.
These general findings provide the basis for further interpretations of late Quaternary
fluvial and climatic change in the catchments of the Sandover, Bundey and Woodforde
Rivers.

8.5 FACTORS CONTROLLING LATE QUATERNARY FLUVIAL
CHANGE
Given the relative tectonic stability of the Northem Plains and the isolation of the drainage
systems from the effects of sea-level changes, major periods of fluvial activity can be
attributed mainly to the large-scale, Quaternary palaeoclimatic changes that have affected
the Alice Springs region. As such, the fluvial deposits of the Sandover, Bundey and
Woodforde Rivers provide a potentially valuable proxy climate record for the region. Of
particular interest in this regard is the interplay between the summer and winter rainfall
regimes. Today, the catchments of the Sandover, Bundey and Woodforde Rivers lie to
the north of the prevailing boundary between summer and winter rainfall and thus fall
within the summer rainfall belt. Many studies, however, have argued for fluctuations in
this position of this boundary and its associated synoptic pressure systems over time (e.g.
Brookfield, 1970; Singh, 1981; Bowler and Wasson, 1984; Singh and Luly, 1991;
Nanson et al., 1992b, 1995), a situation which may have considerable implications for
fluvial change in the region.
8.5.1 Late Pleistocene fluvial activity (Isotope Stages 5-2)
Despite the potential proxy climate record provided by the deposits of the Sandover,
Bundey and Woodforde Rivers, the limitations of TL and U/Th dating in the region
means that there are a number of problems in interpretation of the palaeoclimatic signal.
For instance, some of the best evidence for fluvial change on the Northern Plains of
central Australia is provided by the palaeochannels adjacent to the present-day Sandover,
Bundey and Woodforde Rivers. Some of these palaeochannels transported bedloads of
pebble and cobble gravels indicating more competent flow regimes during past phases of
fluvial activity (Chapter 7). Unfortunately, however, in addition to the difficulties in
locating many palaeochannels in the field, the problems of early TL saturation of alluvium
means that the channel deposits are likely to lie beyond the range of TL dating. As such,
the age of the palaeochannels is unknown and thus their potential for interpretation of

climatic change limited. Similarly, for the oldest group of TL ages (representing the
terraces of the Sandover and Woodforde Rivers), the two minimum ages, the large error
bars attached to individual ages, and the spread of ages limits their usefulness for
interpretations of climatic change.
The numerous TL ages for alluvial sediments elsewhere in Australia suggest that Stage 5
(c. 130-75 ka) was a period of widespread fluvial activity whereas Stage 4 (c.75-60 ka) with relatively few alluvial dates - was probably a period of greater aeolian activity
(Nanson et al,

1992b).

The minimum ages of >43.6 ka (W1944) and >56.9 ka

(W1997), obtained from terraces of the Sandover River, are difficult to interpret.
However, the ages of 50.2 ± 7.6 ka (W1855) and 57.7 ± 8.5 ka (W1948), determined
for samples from aeolian sandplain in the Sandover and Bundey catchments, may indicate
the continuation of aeolian activity in this part of central Australia into the early part of
Stage 3 (c.60-24 ka). Although relatively little is known about the depths of the aeolian
deposits or their stratigraphic relation to alluvial sediments, many commentaries on the
region suggest that sandplain mainly developed after the formation of the widespread
(alluvial) 'red earths' (e.g. Mabbutt, 1967; Shaw and Warren, 1975; Freeman, 1986;
Stidolph et aL, 1988; Senior et aL, 1995).

The observations of palaeochannels

underlying aeolian sandplain in the catchments of the Sandover and Bundey Rivers and
the results of drilling in the floodout zone - whereby the sandplain can be shown to have
developed over red alluvial deposits (Chapter 7, Fig.7.4) - broadly supports these earlier
comments. Both TL samples (W1855, W1948) were collected from near to the base of
the sandplain at -4.5 m depth and thus provide a possible minimum age for the
underlying fluvial deposits.

Enhanced fluvial activity during Stage 3, albeit slightly overlapping with aeolian activity,
is suggested by the TL ages of 54.3 ± 12.7 ka (W1999) and 38.7 ± 4.3 ka (W1945) for
terraces along the Sandover River, although the large error bars attached to the oldest age
makes this interpretation only tentative. The Stage 3 subpluvial episode is widely
represented in the rivers of northern Australia, the Lake Eyre basin and southeastern
Australia (Nanson et aL, 1992b). While activity on the rivers of northern Australia and
the Lake Eyre basin during Stage 5 to some extent was probably associated with an
enhanced monsoon rainfall regime, it is noteworthy that the significance of Stage 3 as a
fluvial event increases southward away from the effects of the monsoon and towards the
zone of winter rainfall (Nanson et aL, 1992b; Kershaw and Nanson,

1993).

Furthermore, in the Alice Springs region, TL dates for gypsum dunes surrounding Lakes
Amadeus and Lewis suggest a major period of gypsiferous dune-building during Stage 3
(c.60-40 ka) (Chen et aL, 1991a, 1995). Chen et aVs (1991a) model of gypsum dune
formation, which suggests almost simultaneous gypsum deposition and deflation around

playa shorelines from marginal zones of groundwater-seepage, points towards conditions
of strongly enhanced seasonality. Wet periods, involving production and concentration
of sulphate in sand-sized crystals, were followed by hot, dry, evaporative periods in
which gypsum was precipitated and transported into marginal dunes. This favours wet
winters and hot, dry summers suggesting that the enhanced wet conditions during Stage 3
were due to increased winter rather than summer (monsoonal) rainfall (Chen et al.,
1991a). Although these findings do not preclude fluvial activity resulting from
monsoonal activity during Stage 3, they further suggest that the enhanced flow conditions
at this time were mainly the result of greater winter rainfall.
The other TL ages for the terraces of the Sandover and Woodforde Rivers are harder to
interpret. The TL age of 32.0 ± 11.2 ka (W1857) from buried red alluvium at the
emergence point of the Woodforde River is ambiguous, given the large error bar. The TL
age of 25.0 ± 2.7 ka (W1854) from buried red alluvium at the emergence point of the
Sandover River, considerably post-dates the samples further upstream and falls at the
very end of Stage 3 or the beginning of Stage 2 (c.24-12 ka). Despite the uncertainties
surrounding these TL ages, they can be inteipreted as evidence for fluvial activity during
Stage 3 and continuing into Stage 2. The TL age of 17.8 ± 2.2 ka (W2000) for the
terrace on the Woodforde River, believed to be the upstream equivalent of the buried red
alluvium, provides further support for the interpretation of fluvial activity during Stage 2.
The suggestions of fluvial activity during Stage 2 are difficult to explain in terms of
palaeoclimatic change. According to the presently accepted chmate model for Australia,
conditions during Stage 2 are generally considered to have been mainly cooler and drier,
with maximum ardity occurring around the peak of the Last Glacial Maximum (LGM) at
c.22 ka (TL years - Page et al., 1996). Enhanced aeoHan activity around the time of the
LGM has been well documented across inland Australia (e.g. Bowler, 1976; Wasson,
1983a, 1986; Bowler and Wasson, 1984). Similarly, in the Alice Springs region, Chen
et al. (1995) have presented two TL dates of 21-23 ka for aeolian quartz dunes
surrounding Lake Lewis, indicating reactivation of the regional dune field after the major
phase of gypsum dune formation.
The evidence for widespread aeohan activity around the time of the LGM would appear to
preclude the possibility of significant fluvial activity across much of the Australian
continent. However, a recent study of plunge-pool sedimentary sequences at the base of
waterfalls in Kakadu National Park, Northern Territory, suggests that this part of
northern Australia was much wetter around the time of the LGM (Nott and Price, 1994).
TL ages for ridges and terraces surrounding the plunge pools of Waterfall Creek and
Wangi Falls indicate a significant phase of plunge pool expansion c.22-18 ka, which Nott

and Price (1994) attribute to a strengthening of the northwest monsoon despite a
considerably lower sea level during the last glacial maximum.

Evidence of wetter

climates immediately preceding and during the LGM is at odds with the pollen record
from the Atherton Tableland (Kershaw, 1978), around 2000 km to the east of Kakadu,
but has some support from the work of Torgerson et al (1985) in the Gulf of Carpentaria
and from Nanson et al.'s (in press) evidence of high lake stands in the Lake Eyre basin
around the time of the LGM. Whereas Torgerson et al. (1985) proposed that a late
Pleistocene period of enhanced monsoon activity probably declined shortly after 26 ka,
however, Nott and Price (1994) argue that the evidence from Kakadu suggests that
intensification of the monsoon continued until c.l8 ka, after which it abated rapidly until
C.14 ka.

Suggestions of a stronger northwest monsoon around the time of the LGM has clear
implications for the fluvial record in central Australia. Despite Chen et al.'s (1995)
evidence for aeolian activity during the LGM, the TL ages of terraces for the Woodforde
(and possibly the Sandover) River (samples W1854, W2000 - Table 8.2) also suggest
fluvial activity around this time. Hence, this period of fluvial activity may reflect frequent
and vigorous incursions of an intensified northwest monsoon. Altematively, as proposed
by Bowler and Wasson (1984), fluvial activity at this time may indicate the occasional
penetration of cold Antarctic and Southern Ocean air masses into the centre of the
continent as a result of the northerly migration of the high pressure belts during the glacial
age winters. Support for this argument is provided by recent evidence from the Riverine
Plain of southeastern Australia which indicates fluvial activity in periods flanking the
LGM (Page et al, 1996), although this activity was partly a result of seasonal snowmelt
and increased runoff from the southeastern highlands.

Clearly, the synchrony (or

otherwise) of these periods of fluvial and aeolian activity during Stage 2. and the nature
of the associated weather systems, remain to be further clarified.

8.5.1.2 Meander dimensions as evidence for flow-regime

changes

Despite the difficulties in interpreting the terrace alluvium in terms of palaeoclimatic
change, it is still possible to speculate as to the nature of the flow regime prevailing at the
time of deposition. Chapter 4 described how many reaches of the Sandover, Bundey and
Woodforde Rivers are characterised by a series of low-amplitude meanders. Table 8.5
indicates the present-day channel widths, meander wavelengths and wavelength to width
ratios of the meandering reaches of the Sandover, Bundey (Sandover-Bundey) and
Woodforde Rivers. In many reaches in the lowland zone, where the channels are flanked
by the indurated alluvium of the terraces, moderately to highly sinuous planforms with
relatively large meander wavelengths are characteristic (Table 8.5; Plate 8.3). In addition,

Table 8.5

Channel dimensions in meandering reaches of the Sandover, Bundey

(Sandover-Bundey) and Woodforde Rivers

River

Sandover
River
Bundey
River

Reach

Length of
reach
(km)

Channel
bankfull
width (m)

Terraces

No.7 Bore -

49-51

120-180

Present

Corella Bore
No.l Bore

Meander
wavelength
(m)

Meander
wavelength
-width
ratio

4670

25.9-38.9

(2410-7570)
5.5-6.5

120-125

Absent

1839

14.7-15.3

(1379-2629)
N o r t h of

18-19

160-200

Absent

Gregory Bore

3210

16.1-20.1

(2410-5090)

to S a n d o v e r
confluence
SandoverBundey River

Arganara

41-43

150-200

Present

C r e e k to

4990

25.0-33.3

(3360-7428)

Ooratippra
Ooratippra:

4.5-5.5

45-55

Absent

Channel la
Ooratippra:

6-7

45-55

Absent

Channel lb
Ooratippra:

16.9-20.7

700

12.7-15.6

(380-1139)
6-7

45-55

Absent

6-7

75-105

Present

Channel 1

Woodforde
River

930
(380-2110)

950

17.3-21.1

(488-1789)

Below
Kerosene

1950

18.6-26.0

(1500-2340)

C a m p Ck.
junction

Notes:
1.) Channel bankfull widths are for the modern channels (inset in terraced reaches) as determined from 1:50 0 0 0
and 1:80 000 scale aerial photographs and from field surveys.

^

2.) Meander wavelengths determined from 1:50 000 and 1:80 000 scale aerial photographs by measuring the
distance f r o m apex to apex of successive meander bends. In the meandering reaches of the Sandover, Bundey and
W o o d f o r d e Rivers, the apices of meander bends are easier to determine than the inflection points, particularly in
the anabranching

reaches.

Values given represent the mean wavelength for the reach, with the range of

w a v e l e n g t h s given in parentheses.
3.) Meander wavelength-width ratios for each reach have been determined using the mean wavelength and the
upper and lower limits of bankfull width.

Plate 8.3 Aerial photograph illustrating the low-amplitude meanders in the lowland zone of the Sandover-Bundey River. Flow direction is from left to right.

Meander

wavelength-width ratios along this reach range between 25 and 33. The meanders are formed in the indurated terraces flanking the river, although alluvial exposures are limited
by the extensive development of aeolian sandplain. Narrow, vegetated, in-channel ridges within the confines of the meanders suggest that the hydraulic and sedimentary
processes responsible for meander d e v e l o p m e n t are no longer active.
Department of Lands, Planning and Environment).

(Elkedra-Derry Downs-Sandover, SF53-7, 1982, NTc 790, Run 11, 024. Reproduced by permission of Northern Territory

wavelength-width ratios tend to be much higher than the commonly cited ratio of 7 to 12
(e.g. Leopold and Wolman, 1960; Dury, 1976; Richards, 1982). In other reaches, where
the terraces are absent or have been buried by more recent deposits, meander wavelength
to width ratios tend to be slightly lower (Table 8.5), typically falling in the range of 13 to
20.
Given the large natural variation in channel widths and meander wavelengths and the
complicating factor of downstream changes in these dimensions, there is inevitably some
overlap in the wavelengths and wavelength-width ratios of terraced and non-terraced
reaches (Table 8.5). Nevertheless, where the channels are flanked by alluvial terraces,
the often anomalously large wavelength to width ratios suggests that the meanders are in
fact developed in the terrace alluvium. In other words, the meanders are essentially
palaeoforms inherited from former, wider streams associated with deposition of the
terrace alluvium. Further support for the interpretation of certain meanders as
palaeoforms is provided by the meandering channel-trains characteristic of the
anabranching reaches of the Sandover-Bundey River and Woodforde Rivers. The
presence of linear, vegetated islands and ridges within the confines of the meanders (Plate
8.3) means that the hydraulic and sedimentary processes necessary for meander
development cannot still be active. Indeed throughout these reaches, and in many other
reaches where meanders are associated with terraces, there is a notable absence of the
sedimentary features normally associated with meanders, such as point bars and cut
banks.
The relatively high meander wavelengths characteristic of the terraced reaches suggests
two possibilities as to the flow regime prevailing at the time of deposition. First, as
meander wavelength scales with discharge (Leopold and Wolman, 1960; Dury, 1976),
the higher wavelengths may indicate larger discharges at the time of their formation.
Alternatively, since longer bends tend to occur in wide, shallow streams with heavy
bedloads (Schunmi, 1967; Richards, 1982; Knighton, 1984), the higher wavelengths may
indicate the traces of former, wider rivers in which sediment loads were greater but
discharges were not necessarily much larger than those of today. In all likelihood, both
discharges and sediment loads were probably greater, meaning that the relative influence
of the two factors cannot be separated. In either instance, the relatively high wavelengths
formed in the terrace alluvium points to more competent flow regimes at the time of
deposition. Support for this argument is provided by the similarity of meander
wavelengths in terraced reaches with those of the older, undated palaeochannels adjacent
to the present-day Sandover and Sandover-Bundey Rivers, which in some cases are
associated with gravelly bedloads far coarser than transported by the modern rivers
(Chapter 7, Fig.7.9). In addition, pebbles and cobbles exposed in the reforming channels

of the Sandover and Woodforde Rivers (Chapter 6, Plate 6.4) and the descriptions of the
coarse gravelly bedloads of many former streams in other parts of the Alice Springs
region (Jackson, 1962; Litchfield, 1969), also clearly indicate more competent flow
regimes during past phases of fluvial activity.
Meanders with relatively high wavelengths are particularly well developed in the vicinity
of the locations of samples W1945, W1999, W2000 (Fig.8.1), the ages of which span
the interval representing Stages 3 and 2. Hence, from the available data, a possible
interpretation is that prior to c.l5 ka the channels of the Sandover, Bundey and
Woodforde Rivers were sinuous, laterally-migrating systems carrying larger discharges
and greater bedloads than at present. Floodouts were probably also a feature of the distal
reaches, although the channels probably persisted further downvalley before terminating,
and the location of the floodouts may have changed over time in response to periodic
channel avulsion (Chapter 7).
8.5.2 Late Pleistocene-early Holocene fluvial activity
From the TL ages obtained (Table 8.2), there is one age indicating fluvial activity in the
period following the LGM (W2000), and only a few ages indicating early-mid Holocene
fluvial activity (W1848, W1850, W1946) (Table 8.2). Evidence for widespread late
Holocene fluvial activity, however, is recorded in the floodplains inset within the older
terraces or the deposits burying older red alluvium in the floodout zones (Tables 8.1-8.2).
Hence, the geomorphic and stratigraphic record suggests a marked change in the character
of the drainage at some point after c.l5 ka. From the available evidence, a possible
interpretation is that following the period of fluvial activity around the time of the LGM,
the channels of the Sandover, Bundey and Woodforde Rivers changed from large,
sinuous, laterally-migrating systems carrying greater discharges and sediment loads, to
smaller channels carrying lower discharges and sediment loads. Consequent reduction in
the size of the channels restricted subsequent channel and floodplain processes to a
relatively narrow trench inset within the older Pleistocene deposits, which were left as
paired terraces alongside the channels. The resistant boundary provided by the indurated
alluvium of the terraces Hmited lateral migration of the smaller channels and, in many
reaches, imposed meander wavelengths incompatible with the new flow regime, resulting
in anomalously high wavelength-width ratios. Following the reduction in channel size,
inset channels and floodplains were characteristic features of the proximal and medial
reaches but shallow burial of the terraces occurred in the distal reaches.
The proposed sequence of changes - from relatively large, sinuous, migrating channels in
the late Pleistocene to smaller, inset channels with inherited meandering courses in the late

Pleistocene/early Holocene - is schematically illustrated in Figure 8.2. These changes
have striking similarities with the late Quaternary sequence of changes recorded by rivers
in many parts of the world where channel dimensions, such as channel width and
meander wavelength, often indicate that the modern rivers are smaller than the winding
valleys in which they flow. This phenomenon of 'underfitness' was first investigated by
Dury (1964a, b, 1965, 1969, 1970) mainly with reference to North American and
European examples but underfit streams have subsequently been recognised in South
America (e.g. Baker, 1978), Africa (e.g. see Reid, 1994), and Australia (Dury, 1966,
Shoobert, 1968; Bowler and Wasson, 1984).

Dury (1964a, b, 1965, 1969, 1970)

argued that the channel contraction implied by underfitness is a result of profound
reductions in discharge at the frequency of channel-forming flow, which in the majority
of cases can only be explained in terms of climatic change. By using empirical relations
between channel dimensions and discharge established for modern streams in order to
calculate channel-forming discharges in the older streams, former discharges in some
British rivers have been estimated at 26-155 times present discharge (Dury, 1976).

Many aspects of Dury's palaeohydrologic interpretations have been seriously questioned
by a number of researchers. Particular criticism has been directed towards the failure to
account for changes in sediment load and flood magnitude-frequency relationships, both
of which are likely to have been important factors controlling the dimensions of former
channels (e.g. S c h ü m m , 1967, 1968, 1969, 1971b; Tinkler, 1971, 1973; Ferguson,
1973).

Good examples of some of the practical, methodological and conceptual

difficulties in attempting to calculate former disharges for palaeochannels are outlined by
Baker and Penteado-Orellana (1977), Baker (1978) and Bowler (1978).

Despite difficulties in quantitatively establishing the magnitude of palaeohydrologic
change, however, the climatic explanation of underfitness does appear to apply in a
general sense to many alluvial valleys (Baker and Penteado-Orellana, 1977; Bowler,
1978; Bowler and Wasson, 1984). In the Alice Springs region of central Australia, the
tendency for the present-day channels to be inset within older alluvial deposits has been
widely noted (Mabbutt, 1967; Arakel and McConchie, 1982; Patton et ciL, 1993; Bourke,
1994) and has sometimes been attributed to channel incision (e.g. Shaw and Warren,
1975). There is little evidence for regionally widespread channel incision, however, and
a general shrinkage in channel size resulting from reduction in the magnitude of channelforming discharge seems a more likely explanation for the widespread occurrence of
terraces throughout the region.

In the catchments of the Sandover, Bundey and

Woodforde Rivers, terraces typically only occur as a single paired feature on the lowland
plains and thus there is no evidence of other phases of terrace formation. The Sandover,
Bundey and Woodforde Rivers resemble 'Osage-type' underfits in the sense that they are

Phase 1 > -15 ka
Large, sinuous, laterally migrating channels.
subsequent Stages 3 and 2.

Fluvial activity and floodplain formation possibly as early as Stage 5 and durine
•>
>=
e>

vPhases 2 and 3

< -15 ka - present

Discharge reduction during late Stage 2, leading to the formation of channels and floodplains inset within Pleistocene terraces
(Phase 2).
In the floodout zone, progressive burial of Pleistocene alluvium by younger deposits occurs during the late
Pleistocene and Holocene (section C - C ) . In the upstream reaches, Holocene channel and floodplain change follows one of two
possible scenarios (Phase 3).

Scenario

Continual lewoiking of Pleistocene trench in the
eariy-mid Holocene by laterally migrating (or
braided) channels means that there is limited
potential for floodplain formation.

1

Scenario

B

Laterally stable channels and vertically accreting
floodplains and in-channel ridges inset within
Pleistocene trench.
B
®
4
...
^
B'

Partial destruction of floodplains" and ridges during
high-magnitude flood events, followed by rebuilding in
intervening periods, occurs throughout the Holocene.

A relative decline in fluvial activity in the mid-late
Holocene, results in channel stabilisation and the
formation of vertically accreting floodplains and inchannel ridges.

Figure 8.2 Schematic illustrations of the sequence of late Quaternary change on the Sandover, Bundey
and Woodforde Rivers.

forcibly curved round the meander bends inherited from the former channels but as pools
and riffles are not developed along these channels, they do not strictly correspond to
Dury's (1966, 1970) original definition of this term.
The limited preservation of the dimensions of the former channels of the Sandover,
Bundey and Woodforde Rivers precludes quantitative analysis of palaeohydrologic
change. The diachronous nature of the terraces implied by the spread of TL ages, burial
by aeolian sandplain or considerable downwearing and backwearing of the terraces (Plate
8.2) means that former channel dimensions cannot be reconstructed with any degree of
confidence. Former widths, depths and slopes are largely unknown, and thus it is not
possible to extrapolate from present to former channel discharges by means of
comparative Manning equations (cf. Dury, 1976). The only readily measurable
dimension is meander wavelength (Table 8.5), which means that calculation of former
discharges depends on empirical relationships established between wavelength and
discharge.
Attempts to calculate discharges of former and present channels using a number of
reported relationships between wavelength and discharge, however, proved unsuccessful
(Appendix 5). Estimates of discharge using meander wavelengths in terraced reaches
suggest former bankfull discharges typically 10-50 times higher than at present. The
immense reduction in discharge implied by these calculations suggests that there are
considerable problems in analysis. Indeed, use of the wavelength-discharge relationships
to estimate bankfull discharge from meander dimensions in non-terraced reaches shows
that they consistently overpredict discharges by a factor of 2-5, as compared to the values
estimated by the Manning equation (Appendix 5). This casts further doubt on the validity
of the relationships as applied to calculation of the former and present discharges of the
Sandover, Bundey and Woodforde Rivers.
In view of these problems, it is not possible to speculate quantitatively as to the magnitude
of discharge reduction. Nevertheless, discharges of the former channels were clearly
greater than those of the present-day channels. Evidence of climatically-controlled
reductions in discharge following the LGM have been recorded by a number of other
rivers in inland Australia, in both the Murray-Darling and eastern Lake Eyre basins
(Bowler and Wasson, 1984). The presence of larger, higher discharge, bedload channels
in the period c.30-15 ka led Bowler and Wasson (1984) to suggest that accentuated
seasonality around the time of the LGM, resulting from cold, wet winters and hot, dry
summers, produced conditions inimical to vigorous plant growth and thus favoured
increased runoff and sediment supply. The transition to smaller, more sinuous,
suspended load channels after c.l5 ka was attributed to post-glacial re vegetation of the

catchments, resulting in decreased runoff and bedload supplies. From pollen records,
Kershaw (1989) and Kershaw and Nanson (1993) also suggest that the driest conditions
during the last glacial cycle most likely occurred during the transition from the peak of the
last glacial to the Holocene.
While the late Pleistocene/early Holocene morphologic and sedimentologic changes
shown by the Sandover, Bundey and Woodforde Rivers are not identical to the rivers of
the Murray-Darling and eastern Lake Eyre basins, the major changes occur in the same
direction and with approximately the same order of magnitude.

Hence, similar

explanations involving amplified seasonality and reduced vegetation cover may also
explain the occurrence of larger channels with higher discharges and greater bedloads
around the time of the LGM, although the evidence from northern Australia also indicates
the possibility of occasional vigorous monsoonal incursions into central Australia around
this time (Nott and Price, 1994, Nott etai,
8.5.3

Holocene

fluvial

1996; Section 8.5.1).

activity

The general absence of alluvial deposits dating to the early-mid Holocene period and the
large number of TL ages from the late Holocene (Table 8.2) present further difficulties for
interpretations of flow regime and palaeoclimatic change. The relative absence of samples
from the early-mid Holocene is somewhat surprising given that enhanced fluvial activity
at this time is represented in many locations in northern Australia (e.g. Nanson et al.,
1991, 1993a; Wende et al., in press) but it can be explained in two possible ways. First,
the lack of early-mid Holocene dates may reflect sampling bias in favour of older or
younger sediments. This is considered highly unlikely, however, for extensive field
observations and the sampling design employed in this study (Section 8.3) meant that TL
ages were determined for different fluvial units at a number of locations along the length
of the three drainage systems. Wherever possible, samples were taken from gullies
dissecting the floodplains or from recently widened sections of channel in order to
minimise preferential sampling of material near the present rivers. Second, the relative
lack of early-mid Holocene deposits might indicate either ongoing reworking or
widespread later removal of these deposits, with floodplain formation occurring during a
subsequent period in the late Holocene.
Two altemative scenarios for Holocene flow regime and floodplain change along confined
reaches of the Sandover, Bundey and Woodforde Rivers are proposed in Figure 8.2. In
Scenario A, the whole of the Pleistocene trench in the early Holocene is occupied by
laterally-migrating (or braided) channels transporting bedloads of sands and gravels.
Although flows are not sufficient to cause the trench to migrate, they are competent to

progressively rework the channel and floodplain deposits until a period of relative
stability in the late Holocene enables the accumulation of alluvium as an inset floodplain
or in the form of in-channel ridges and islands. This scenario envisages a relative decline
in fluvial activity in the late Holocene. In Scenario B, early-mid Holocene channels and
floodplains, in both form and sediment type, are the precursors of the present-day
systems. Channels are largely single-thread and relatively laterally stable, but for the
Bundey and Woodforde Rivers - transporting relatively coarse-grained bedloads and
receiving tributary inflows - in-channel ridges and islands are also characteristic features
of channel and floodplain form (Chapter 5). Floodplains, ridges and islands accrete
during periods of relative channel stability but are partially destroyed by individual large
floods or a series of closely-spaced large floods. Over time, this results in piecemeal
reworking of floodplains, ridges and islands to result in deposits that are relatively young
(late Holocene) in age. This scenario envisages significant fluvial activity throughout the
Holocene. In both scenarios (A and B), progressive burial of the Pleistocene alluvium
occurs in the unconfined floodout zone (Fig. 8.2, section C-C) and is associated with
changes in the course of the channels.
Previous studies of drainage systems in the Alice Springs provide evidence for both
scenarios of Holocene channel and floodplain change. For instance, Nanson et al.'s
(1995) study of the Finke River in the vicinity of Finke township closely corresponds to
Scenario A. In this reach of the Finke, the river flows over a gradient of approximately
0.0026 in a broad (2.0-2.5 km wide) trench between gibber plains and extensive sourcebordering dunes (Chapter 2, Fig.2.11). Nanson et al (1995) suggest that the extent of
the floodplain and the coarse nature of sediments at 6-10 m depth provide evidence for a
period of relatively high discharge in the early to mid Holocene with the existence of a
large, probably laterally-active, channel. During this period, there was a hiatus in the
activity of the adjacent dunes. Reworking of the floodplain alluvium continued until
lower discharges in the late Holocene favoured relative channel stability, resulting in
channel infilling, slower rates of vertical floodplain accretion and reactivation of the
adjacent dunefields.
In contrast, Bourke's (1994) study of the 37 km reach of the Todd River below the Ross
River junction more closely corresponds to Scenario B. In this reach, floodplains of
presumed Holocene age are unconformably inset within a narrow trench (mostly <500 m
wide) cut in older. Pleistocene alluvium. The contrasting colouration and induration of
the two alluvial units indicates a chronological hiatus, interpreted as the result of an
erosional event or series of events in the Holocene which removed most of the previous
alluvium (Bourke, 1994). Although the timing and extent of this event or events is still
the subject of enquiry (Bourke, in prep.), evidence for several high-magnitude, late

Holocene flood events ('superfloods') in the Alice Springs region is provided by the
slackwater flood record of the upper Finke River (Pickup et al., 1988) and from the
sedimentary features on the plains surrounding the central ranges (Pickup, 1991; Patton et
ai, 1993). Although the effect of such floods on the broad piedmont plains has been
mainly aggradational (Pickup, 1991; Patton et al., 1993), in narrow, confined reaches of
rivers the main effect of similarly large floods may be largely erosional (cf. Bourke,
1994).
Clearly, therefore, on the basis of previous studies of channel and floodplain change in
the Alice Springs region, there is some conflicting evidence regarding scenarios of
Holocene channel and floodplain change. The accurate reconstruction of the changes
along the Sandover, Bundey and Woodforde Rivers relies on the TL chronology (Table
8.2) but there are a number of difficulties in interpretation. First, as the removal of
deposits is inherent to the process, there is no means of directly dating the onset of
possible phases of floodplain reworking or destruction: the available TL ages only
suggest the time of floodplain stabilisation or rebuilding. Second, resolution of the TL
ages is too coarse to identify precise periods of deposition on such short timescales. In
particular, the age of very young samples is greatly affected by applying corrections for
residual TL determined from modem surface samples. The TL ages presented here are all
uncorrected for residual TL (Section 8.3) and thus probably represent maximum ages. If
corrections for residual TL are applied to the late Holocene samples, this has the effect of
adjusting the ages towards the very late Holocene. In all likelihood, the depositional ages
probably lie somewhere between these two extremes.
Given these problems of interpretation, it is difficult to establish whether Holocene
changes on the Sandover, Bundey and Woodforde Rivers are best described by Scenario
A or B. Hence, a large degree of uncertainty must surround any reconstruction of the
associated Holocene flow-regime changes and the palaeoclimatic implications. The
details of these changes elsewhere on the Australian continent are presently a matter of
considerable debate (Singh, 1981; Singh and Luly, 1991; Wyrwoll et ai, 1986, 1992;
Nanson et ai, 1991, 1993a). Although the dynamics of the northwest monsoon in the
early Holocene are poorly understood, palynological studies from Lake Frome (Singh,
1981; Singh and Luly, 1991) and the alluvial record from rivers of northern and central
Australia (Nanson et aL, 1991, 1993a, 1995; Nott and Price, 1994; Nott et ai, 1996;
Wende et aL, in press) all suggest increased monsoonal activity in the early-mid
Holocene. On the Sandover, Bundey and Woodforde Rivers, enhanced early-mid
Holocene fluvial activity must have occurred within the terrace-bounded trenches as it did
in the considerably larger bedrock valley of the Finke River. However, the higher degree
of confinement on the Sandover, Bundey and Woodforde Rivers has meant that no

floodplain alluvium from the early-mid Holocene has been able to survive, making it
impossible to reconstruct channel and floodplain form. Indeed, the decline in the number
of samples of increasing age from these floodplains and ridges highlights the low
probability of alluvium surviving any substantial length of time in this environment.
Hence, from the available evidence it is not certain whether early-mid Holocene activity
prevented floodplain formation as it apparently did in the steeper Finke valley, or whether
river red gums {E. camaldulensis) would have contributed to bankline stability and the
formation of in-channel ridges and islands as occurs along these channels today (Chapters
4 and 5). In the unconfined floodout zones, however, substantial changes in the course
of the channels during the Holocene has resulted in the partial preservation of very late
Pleistocene and early Holocene alluvium alongside more widespread late Holocene
deposits (samples W1848, W1850, W1946; Fig.8.1).
Whilst the alluvial record from northern and central Australia has been interpreted as
indicating declining fluvial activity in the late Holocene (Nanson et aL, 1991, 1993a,
1995; Nott and Price, 1994; Nott et aL, 1996; Wende et aL, in press), a number of other
workers have argued for Uttle change in the intensity of the northwest monsoon since ~76.5 ka (Wyrwoll et aL, 1992, 1996) or increased variability of climate during the late
Holocene with a marked increase in the number of large flood events (Pickup et aL, 1988;
Pickup, 1989; Gillieson et aL, 1992; Lees, 1992; Patton et aL, 1993). However, as
many of the arguments for an increase in the number of late Holocene floods rely heavily
on the evidence from slackwater deposits (Pickup et aL, 1988; Gillieson et aL, 1992), the
selective bias towards preservation of younger material sometimes inherent in slackwater
records has to be taken into account. Indeed, Pickup et aL (1988) and Pickup (1989,
1991) acknowledge the limited preservation potential of slackwater deposits in many areas
of northern and central Australia due to intense monsoonal rainfall and/or flood erosion.
In the Finke River gorge, for instance, there are only around 850 years of record at most
slackwater sites (Pickup, 1991).
The short length of many slackwater records means that the magnitude and frequency of
late Holocene floods cannot be compared with those occurring earlier in the Holocene.
Given the widespread evidence for a wetter early-mid Holocene in other parts of northern
and central Australia, it is likely that even larger floods occurred at this time.
Nevertheless, as a whole, the findings of Pickup et aL (1988), Pickup (1989), Gillieson
et aL (1992), Lees (1992) and Patton et aL (1993) do suggest climatic variability and the
continuation of large flood activity into the late Holocene. At present, changes in the
intensity of the northwest monsoon appear to be linked to ENSO activity (Allan, 1988).
Hence, variability of rainfall and flooding in the late Holocene may be partly linked to
ENSO activity, for there are suggestions that ENSO-induced climatic variability of present

dimensions is only a feature of the last 3-5 ka (McGlone et ai, 1992; Schulmeister and
Lees, 1995). In the Alice Springs region, the few TL and '"^C dates available (Pickup et
aL, 1988; Pickup, 1991 - cited as Patton and Pickup, in prep.; Patton et aL, 1993)
provide evidence of significant late Holocene fluvial activity on a number of drainage
systems close to the central ranges. Similarly, the numerous late Holocene TL ages for
the near- and in-channel deposits of the Sandover, Bundey and Woodforde Rivers (Table
8.2, Fig. 8.1) and the evidence from transverse bedforms in the floodout zone of the
Sandover (Chapter 6, Plate 6.2) suggest that late Holocene fluvial activity involving large
floods was also widespread across the Northern Plains. This activity may also be a
reflection of ENSO-influenced climate variability.
8,5,4

Aboriginal

impact

Complications to the palaeoclimatic signal recorded by late Holocene fluvial activity,
however, are introduced by the possible Aboriginal impact on landscape and channel
change in the Alice Springs region. In recent years, numerous ethnographers and
ethnohistorians have documented the frequent and widespread use of fire by Aborigines
throughout Australia, both prior to and immediately following European contact (e.g.
Jones, 1969; Hallam, 1975; Latz and Griffin, 1978; O'Connell et al, 1983; Kimber,
1983). Fire was an important land management tool and was used both for short-term
advantage in daily hunting and food gathering and as a longer term means of promoting
the availability of economically important plants and animals (Kimber, 1983; O'Connell et
aL, 1983). Although the impact of Aboriginal fire regimes on long-term vegetation
change in Australia is a source of considerable debate (Head, 1989), regular burning may
have indirectly affected catchment and channel form by resulting in increases in runoff
and sediment supply following rainfall events (cf. Kershaw, 1989).

Aboriginal

population densities throughout Australia are thought to have increased substantially in the
mid-late Holocene (Head, 1989) leading to speculation that much subsequent landscape
and channel change may, in part, be human-induced. For example, although the cause of
widespread late Holocene slope instability and channel aggradation in catchments in
eastern Australia has often been attributed to climatic change or localised reworking of
alluvium (e.g. Williams, 1978; Young et aL, 1986; Proser, 1987), Hughes and Sullivan
(1981) have suggested that similar phenomena may have resulted from intensification of
Aboriginal landuse practices.
The possibility of widespread Aboriginal impact on landscape and channel change in the
Alice Springs region during the late Holocene is suggested by a number of factors. First,
the evidence for widespread late Holocene fluvial activity (Section 8.5.3) coincides with
evidence for a significant increase in Aboriginal occupation of the region (Smith, 1987).

Second, the accounts of early European explorers and later ethnographic work provides a
consistent picture of fire as an important part of traditional Aboriginal technology in the
region (e.g. Latz and Griffin, 1978; Kimber, 1983; O'Connell et aL, 1983). Third,
Aborigines moved over considerable distances in order to find food in the form of plants
or game (Garment, 1991). River beds and their near vicinity would have formed the
prime corridors for travel and foraging and were also often the focal points for burning
(Kimber, 1983). In addition to burning, more direct impacts on channels may have
resulted from the practice of constructing small earth dams to enable the diversion and
storage of water (Tindale, 1974; Kimber, 1984).
Despite these factors, however, several objections can be raised against arguments for
significant Aboriginal impact on late Holocene landscape and channel change in the Alice
Springs region. First, despite evidence for an increase in the Aboriginal population
during this time, population densities in the region are likely to have remained low relative
to more fertile parts of Australia. Estimates indicate that the Aboriginal population of the
region in the early 19th Gentury was probably no more than about 15 thousand (Garment,
1991) and in some of the more arid parts of the region there was an average density of
only one Aboriginal person per 90 km'. In the Alyawara territory, centered on the upper
and middle reaches of the Sandover and Bundey rivers, total population prior to European
contact was probably fewer than 600 with densities of no more than 1 person per 35-40
km^ even in the most favoured areas (O'Connell et aL, 1983). Second, it is hard to
separate the impact of Aboriginal fire practices from natural fire regimes, such as those
started by lightning strikes or spontaneous combustion (Kimber, 1983; Head, 1989).
Many Aboriginal fires were of relatively limited extent compared to natural fires: for
instance, O'Gonnell et al (1983) report that most fires deliberately started in Alyawara
territory were relatively small, seldom covering areas greater than 1 km^ Hence, even if
it can be argued that burning events resulted in increased runoff and sediment supply to
the channels, the low population densities and limited extent of fires would mean that the
Aboriginal impact would have been relatively localised in both space and time. In
catchments on the scale of the Sandover, Bundey and Woodforde Rivers, the basin
complexity may mask the effect of treatments on limited areas. Finally, suggestions of
increased climatic variability in the region during the late Holocene and the evidence for
fluvial landforms resulting from large 'superfloods' (Pickup, 1991; Patton et aL, 1993;
Section 8.5.3) suggests that channel change resulting from Aboriginal burning practices
or the construction of small dams would be relatively insignificant in comparison. From
the available evidence, however, the possible Aboriginal impact cannot be disentangled
from climatically-determined trends in fluvial activity.

8.6 FLUVIAL CHANGES ON A HISTORICAL TIMESCALE
The sequence of late Quaternary fluvial and climatic change outlined for the Sandover,
Bundey and Woodforde Rivers provides the background for an evaluation of the impact
of large floods occurring on a historical timescale. Since European settlement in the Alice
Springs region, there have been a number of widespread, large floods, especially in the
last 30 years. The 1967 floods, which affected a large area of the region (Williams,
1971), at the time were regarded as the largest since European settlement but these were
surpassed by subsequent large floods in 1972, 1974 and 1988 (Baker et aL, 1983a;
Pickup etai, 1988; Patton et aL, 1993). Widespread, large-scale flooding also occurred
during 1983, 1991 and 1995. The limited hydrological data for the region, however,
means that there are few reliable estimates of the magnitude and frequency of these floods
(Chapter 2). Pickup (1989, 1991) considers that the slackwater palaeoflood record in the
Finke River gorge indicates that 5 of the 8 largest floods in the last 850 years have
occurred in the last 70-80 years, with 4 of these occurring since 1966. The 1974 flood
was probably the largest for 850 years on the upper Finke and the second largest on the
lower Finke (Pickup et aL, 1988; Pickup, 1991). In contrast, records of flows kept since
1952 for the Todd River at Alice Springs (Northern Territory Power and Water
Authority, unpublished data) indicates that the 1988 floods were the largest recorded,
representing a l-in-50 year event, with the 1974 flood approximately representing a 1-in10 year event (Chapter 2).
The impact of this series of floods on channel morphology in the region has been noted
by a number of authors, and has included both erosion and channel widening as well as
increased deposition (Pickup, 1991; Patton et aL, 1993; Bourke, in prep.). Many of
these observations of channel change, however, have been for reaches close to the
headwaters or for relatively small drainage systems. Hence, relatively little is known
about the impact of the floods on larger rivers in reaches far from the headwaters.
The rainfall records for the Alice Springs region and local accounts of these recent floods
indicates that they were generally widespread throughout the region. Hence, these large
floods were also likely to have occurred on the Sandover, Bundey and Woodforde
Rivers. Potential for examining the channel changes resulting from this series of flood
events is provided by the series of aerial photographs of the Alice Springs region taken
since the late 1940s/early 1950s. For the Sandover and Bundey Rivers, aerial
photographs of the whole catchment are available for 1950, 1970/1971, 1982 and 1983
with more limited coverage from 1974 and 1984 flight runs. For the Woodforde River,
aerial photographs of the whole catchment are available for 1950, 1971, 1978, 1983 and
1989. The large scale (typically 1:50 000 to 1:80 000) and variable quality of the aerial

photographs makes detailed comparisons of channel change difficult, but they are
sufficient to identify major changes in channel width or planform or to identify major
areas of deposition.
On the Sandover, Bundey and Woodforde Rivers, analysis of the available aerial
photographs shows that relatively little channel change has occurred in the proximal and
medial reaches since 1950 despite the passage of the recent series of large floods. In the
upland zones, the channels are too small to be accurately compared from one aerial
photograph to the next, but in the piedmont and lowland zones there have been
remarkably few changes in channel width and relatively little evidence of the aggradation
or erosion of features such as in-channel ridges or mid-channel bars. In many reaches, it
is possible to identify individual trees from one aerial photograph to the next and this
shows that their position in relation to the channel boundary has remained essentially
unchanged. Although there has undoubtedly been some channel change along all three
rivers, such as local bed aggradation/degradation or local bank erosion, it has generally
occurred at a scale finer than can be detected on aerial photographs. One exception is in a
short (17-18 km) reach of the the Bundey River in the lowland zone where several splay
channels have enlarged and extended further into the flanking floodplain, particularly
between 1971 and 1982. Elsewhere in the lowland zones, however, channel confinement
by bedrock outcrops, alluvial terraces or aeolian dunes has limited the potential for the
development of splay channels.
The interpretation of only minor channel change in the upland, piedmont and lowland
zones in response to the recent series of large floods is supported by field observations.
Cross-sectional surveys of the Sandover River at the Utopia gauge between 1976 and
1984 (Chapter 2, Fig.2.8) show only minor changes in channel form over this time
despite the passage of a number of floods, including the large 1983 event. Similarly, for
all three drainage systems, there is little field evidence of recent extensive erosion; minor
channel widening and floodplain erosion have occurred in one or two locations but
overall the channels appear to be be relatively stable, with typically well-defined,
vegetated banklines (Chapters 4, 5 and 7). Indeed, the bankline trees themselves are
evidence of considerable channel stability as many of the large river red gums {E.
camaldulensis) may be several hundred years old.
In contrast to the relatively minor channel changes evident in the confined reaches of the
upland, piedmont and lowland zones, more pronounced changes have occurred in the
floodout zones of the Sandover, Sandover-Bundey and Woodforde Rivers. Change in
response to the recent series of large flood events has been far from uniform, however.

and for each of the three floodout zones a number of different channel adjustments have
occurred.
The sequence of channel changes resulting from the series of floods is best illustrated on
the Woodforde River where aerial photographs are available for 5 different dates
(Fig.8.3). On the Woodforde, most change since 1950 has involved the initiation and
growth of the splay channels that today form prominent features of the floodout zone
(Chapter 6, Fig.6.3). The formation of new splay channels and enlargement of existing
ones has occurred throughout the floodout zone with enlargement involving both
extension and widening of the feeder and distributary channels forming the splays
(Fig.8.3). Most change appears to have taken place between 1971 and 1978, most
probably in response to the 1974 flood, and since 1978 httle further change has occurred,
despite subsequent large floods. In contrast to the progressive enlargement of the splay
channels, relatively little change has occurred in the size or shape of the trunk channel, in
the patterns of erosion and deposition at channel bends or in the location of the terminus
of the channel (Fig.8.3). Cross-sectional surveys of the channel near to Arden Soak
Bore between 1976 and 1993 (Chapter 2, Fig.2.8) show only minor fluctuations in bed
elevation and channel width during this time and thus essentially support this
interpretation.

On the Sandover-Bundey River at Ooratippra, channel changes since 1950 have also
involved the initiation and growth of splay channels. A number of new splays have
formed along the distributary channels in the floodout zone and many pre-existing splays
have extended and widened since that time. In addition, changes have also occurred to
the distributary channels near the floodout. In particular, extension of the more northerly
of the two distributary channels by around 800-900 m since 1950 has led to abandonment
and infill of the former line of the channel which today appears as a narrow swale on the
surface of the floodplain (Chapter 7, Plate 7.3). The more southerly distributary channel
has also extended some 750-850 m since 1950, and appears to be following the line of
old, infilled palaeochannels. Many of these changes on the Sandover-Bundey were
initiated between 1971 and 1982, most probably during the 1974 flood, with further
development occurring as a result of the 1983 floods.

On the Sandover River at Ammaroo, a number of marked channel changes have occurred
in the floodout zone since 1950, the most prominent being the abandonment of the former
line of the channel and the excavation of a new channel into the floodout during the 1974
flood (Chapter 7, Plate 7.5). Other changes that occurred during this flood include
further channel widening downstream of the emergence point, the enlargement of splay
channels and the growth of mid-channel islands.
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Figure 8.3 Channel changes in the floodout zone of the Woodforde River between 1950 and 1989.

8,6.1 European impact
Since the 1880s, the introduction of European pastoral practices to the Alice Springs
region has meant that Aboriginal influences on the landscape (Section 8.5.4) have been
largely removed. The series of recent large floods in the Alice Springs region, however,
has coincided with intensified European settlement and pastoralism, leading to
suggestions that many of the resulting channel changes may, in part, be human-induced
(Pickup, 1991). Pickup considers that, during the last 100 years, European pastoralists
have stocked and sometimes overgrazed the plains in central Australia, producing
increased erosion. Grazing animals influence erosion in four main ways (Pickup, 1991):
first, by removing vegetation, which increases runoff and exposes bare soil; second, by
trampling the ground surface and compacting the soil, which reduces infiltration and
increases runoff; third, by breaking down soil aggregates on the surface into smaller,
more easily transportable particles; and fourth, by making pads or tracks which
concentrate runoff. In addition to the effects of grazing stock, large numbers of feral
animals, such as rabbits, horses, camels and goats have added to the grazing pressure and
the widespread construction of vehicle tracks has also enhanced erosion in the region.
By modifying catchment condition, grazing stock, feral animals and human activities may
have indirect effects on channel form, by changing the amount of water and sediment
delivered from the catchment upstream. The impact of European grazing practices on
sediment yields and fluvial landscape change has been demonstrated for other semi-arid
and arid areas of Australia (e.g. Mabbutt, 1973; Wasson and Galloway, 1984, 1986;
Williams et al, 1991; Finlayson and Brizga, 1993; Fanning, 1996). For instance, on
floodplains adjacent to small channels in semi-arid western New South Wales, it is
possible to identify a thick layer of massive sands and muds with rare gravels that can
clearly be attributed to the time since European settlement (G. Brierley, pers. comm.).
These sediments have been termed the 'post-European material' (PEM) and deposition
has been accompanied by changes in channel form.
In central Australia, however, the European influence on sediment yield and channel form
is difficult to isolate because the effects of grazing have coincided with a naturally active
period of development in some parts of the landscape (Pickup, 1991). Pickup interprets
the 'channel-levee' complexes of the central Australian drainage systems as threads of
relatively coarse material, which are gradually creeping outwards from the ranges as a
result of increased erosion upstream, but notes that it is still uncertain whether this activity
is the result of climatic variability, increased erosion due to grazing or a combination of
both factors.

On the Sandover, Bundey and Woodforde Rivers, many changes in the floodout zones,
such as channel extension and the growth of splay channels, also suggest an increased
supply of coarse sands and gravels. Numerous examples of erosion and gullying along
vehicle tracks and around stock watering points can be found in these catchments,
especially in the upland and piedmont zones. Some of this erosion may have resulted in
patterns and rates of coarse sediment delivery to channels being enhanced above natural
levels. Nevertheless, given the episodic supply and transport of sediment in ephemeral
drainage systems, any increased sediment supply in the uplands and piedmont resulting
from around 100 years or less of European influence may not yet have worked itself
through the lengthy lowland channel sections to reach the floodout zones. In other
words, there may be a long lag between increased sediment supply to the upland and
piedmont channels and resultant channel changes in the floodout zone, particularly in the
case of the larger Sandover and Bundey Rivers. Furthermore, despite the European
influence, the stratigraphy of the fine-grained alluvial sequences in the floodplains and
floodouts (Chapter 7) provides no indication of a distinct increase in sedimentation such
as might correspond to a layer of 'post-European material'. In catchments on the scale of
the Sandover, Bundey and Woodforde Rivers, the impact of grazing on sediment yields
may be dissipated by the complexity of the riverine system (cf. Graf, 1988a). However,
as for suggestions of Aboriginal impact on the fluvial landscape (Section 8.5.4), from the
available evidence it is impossible to separate the European influence on sediment yields
and channel change in the floodout zone from natural, climatically-controlled variation.

8.6,2

Geomorphic

effectiveness

Wolman and Gerson (1978, p. 190) defined the term 'effectiveness' in terms of the ability
of an event or a number of events to affect the form of the landscape. They suggested that
the importance of a large event which sculptures the landscape, such as a rainfall or flood
event, should not be evaluated solely in terms of work performed (i.e. sediment
transported or mass of material removed) but should also be measured relative to the
processes which tend to restore the surface of the landscape to the condition existing
before the new landforms were created. Hence, the effectiveness of a rainfall or flood
event should be assessed on a number of criteria, such as its ability to shape the
landscape, the degree of persistence of the instantaneous resculpturing, and the rate and
degree of recovery (if any).

For the recent series of large floods in the Ahce Springs region, it is possible to ask two
questions. First, how effective have the recent series of floods been as landforming

agents? Second, how do these recent floods compare to earlier Holocene events in terms
of geomorphic effectiveness?
On the Sandover, Bundey and Woodforde Rivers, the large floods of recent decades
seem to have had little impact on channel form in the reaches where channels are confined
by bedrock, alluvial terraces or aeolian dunes (Section 8.6.1). From interpretation of
aerial photographs and field evidence, there appears to have been little change to channel
size or shape and little evidence of the development of depositional features such as inchannel ridges, mid-channel islands or splay channels. The absence of channel change is
attributed to the lack of instantaneous resculpturing during the large floods rather than to
recovery by smaller flows in the intervals between the large floods.
In the floodout zones of all three drainage systems, however, a number of channel
changes have occurred in response to the recent series of large floods (Section 8.6).
Changes have included channel widening, channel avulsion, channel extension and the
initiation and growth of splay channels (Fig.8.3). Although most changes appear to have
occurred during the 1974 flood, the impact of this flood may have been enhanced by
occurring shortly after the large flood of 1967. Where they can be identified, channel
changes during subsequent floods (such as those of 1983) appear to have continued along
the lines of earlier changes: for example, in extending channels further into the floodouts
or by further enlarging splay channels. Many of these features are likely to persist
between flood events as large as those that created them, for although they may be
slightly modified by aeolian activity they are unlikely to be reworked by smaller flood
events which do not reach as far downstream or which do not exceed bankfull. By
providing pathways for subsequent flood flows, features such as newly carved channels
and splays means that large flood events, when they do occur, are most likely to enhance
the growth of these features rather than restoring the landscape to the condition existing
prior to the series of floods.
Hence, the effectiveness of the floods of recent decades can be seen to vary spatially in
the catchments of the Sandover, Bundey and Woodforde Rivers. In the upland,
piedmont and lowland zones, the floods occurring since 1950 have been ineffective as
landforming agents. In the floodout zones, however, the effectiveness of the floods has
been greater, both in terms of the degree of instantaneous resculpturing but also in terms
of the likely persistence of landform features. This persistence is related to the limited
potential for reworking in the intervals between large floods. The spatial response to
large floods shown by the Sandover, Bundey and Woodforde Rivers is in contrast to the
response reported from many other environments where major changes during floods
have tended to occur in confined reaches rather than in relatively unconfined settings (e.g.

Wolman and Eiler, 1958; Nanson and Hean, 1985; Erskine, 1994; Miller and Parkinson,
1993; Pitlick, 1993; Miller, 1995).
The spatial pattern and nature of channel adjustment that has occurred on the Sandover,
Bundey and Woodforde Rivers in response to the recent floods is similar to the changes
on many other rivers on the Northern Plains. It contrasts, however, with reports of more
marked channel changes on the Ross and Todd Rivers during the floods of the last few
decades (Pickup, 1991; Patton et aL, 1993; Bourke, in prep.). Furthermore, analysis of
aerial photographs by the present author has shown that many reaches of rivers such as
the Finke and the Plenty have undergone considerable change since 1950, including
significant channel widening and the growth of depositional bars and islands. Most
change appears to have occurred during the 1974 flood with little sign as yet of channel
recovery during subsequent floods. Clearly, therefore, the effectiveness of the recent
series of large floods has been spatially non-uniform across the Alice Springs region.
These examples of channel change notwithstanding, the changes are relatively minor in
view of the widespread evidence for the impact of earlier Holocene flow-regime changes
throughout the region. On the Sandover, Bundey and Woodforde Rivers, for instance,
the absence of early-mid Holocene floodplain material in the confined reaches suggests
progressive reworking or piecemeal removal during later floods (Section 8.5.3, Fig.8.3).
This contrasts with the recent series of large floods which has had relatively little impact
in these reaches and suggests that the earlier flow-regime changes must have been
considerable indeed. Similarly, on the piedmont plains close to the central ranges, largescale fluvial landforms such as sand sheets, sand threads, overflow channels and
'megaripple' systems (Pickup, 1991) appear to have been emplaced by one or a few
enormous late Holocene 'superfloods' and have survived with little or no subsequent
modification because no flood events large enough to change them have occurred since.
For instance, despite the floods of the last 30 years being the largest since European
settlement in the region, no floods have come close to overtopping or reworking features
such as the Undoolya bar field, or the megaripple systems of the Todd and Ross Rivers
(Pickup, 1991).
In terms of geomorphic effectiveness, therefore, the impact of the series of recent floods
is relatively limited compared to that of earlier Holocene flow-regime changes or
individual superfloods. Nevertheless, some changes have occurred on many channels in
the region in response to these recent floods, such as in the floodout zones of the
Sandover, Sandover-Bundey and Woodforde Rivers. Although the landform changes
occurring in response to these floods, such as channel extension, channel avulsion and
the formation and growth of splay channels are relatively minor in relation to the large-

scale fluvial landforms emplaced by superfloods, on a human timescale they are still likely
to persist as significant features of the fluvial landscape.

8.7 CONCLUSION
The findings presented in this chapter contribute to the emerging picture of late Quaternary
environmental change in the Alice Springs region of central Australia. TL dating of
alluvial sediments from the Sandover, Bundey and Woodforde Rivers provides evidence
of fluvial activity over part of the last glacial cycle and indicates major changes in channel
and floodplain form during that time. Alluvial terraces bordering the middle reaches of
the channels indicate fluvial activity prior to c.56 ka (possibly as early as Stage 5) and
during at least part of Stages 2 and 3. Channels during these fluvially active periods were
most probably large, sinuous, laterally-migrating systems, although the inability to
determine accurately former channel dimensions and difficulties in applying empirical
relationships between meander wavelength and discharge means that there are a number
of ambiguities in terms of flow reconstruction. At some point after c.l5 ka, decreasing
flows and sediment supply resulted in a reduction in channel size. This left the older
Pleistocene alluvium as paired terraces flanking the proximal and medial reaches of the
drainage systems but resulted in shallow burial of the Pleistocene alluvium by younger
alluvial deposits in the distal reaches.
In the proximal and medial reaches, early-mid Holocene fluvial activity largely occurred
within the confines of the terraces but the absence of deposits dating to this time interval
makes it difficult to reconstruct channel and floodplain form and the nature of the
associated flow-regime and palaeoclimate changes. Progressive reworking or piecemeal
removal of early-mid Holocene deposits from these confined reaches, followed by later
floodplain formation, is suggested by the numerous late Holocene TL ages for the nearand in-channel deposits of the Sandover, Bundey and Woodforde Rivers. In the
unconfined distal reaches, however, changes in the course of the channels during the
Holocene preserved pockets of early Holocene alluvium in channel fills or overbank
sequences. The large floods of the last 30 years have also impacted on the distal reaches,
resulting in channel extension into the floodouts, channel avulsion and the development
and enlargement of splay channels. However, in comparison to the evidence for
widespread reworking or removal of floodplains earlier in the Holocene, the effectiveness
of these recent floods seems to have been relatively Umited.
The sequence of late Quaternary fluvial changes recorded by the Sandover, Bundey and
Woodforde Rivers mainly reflects the interplay of past climates, with possible
complications from Aboriginal and European activity in the latter part of the record.

While it is difficult to establish whether fluvial activity prior to the Holocene reflected
increased summer or winter rainfall, the evidence for increased rainfall and runoff in
northern Australia during the early-mid Holocene suggests that it is most likely that the
rivers in the Alice Springs region have responded to changes in the northern Australian
monsoon over this time. On the Sandover, Bundey and Woodforde Rivers, the
suggestions of continuing fluvial activity in the late Holocene has widespread support
from other studies of hydrological and channel change in central and northern Australia
(Pickup etal, 1988; Pickup, 1989, 1991; Lees, 1992; Gillieson et aL, 1992; Patton et
al, 1993). Although the chmatic implications of this activity ai'e not yet clear, for many
drainage systems in central Australia the associated deposits provide stark contrast with
the relative antiquity of the alluvial sediments in which they are set or which they bury at
shallow depths (Pickup, 1991; Patton et al, 1993; Bourke, 1994). Widespread evidence
for the incomplete preservation of alluvial deposits means assumptions that the frequency
of TL ages is indicative of the level of depositional activity (Nanson et ai, 1992b) have to
be treated with considerable caution in this environment. In addition, it poses a number
of questions regarding the links between patterns of Quaternary sedimentation, later
fluvial change and the present-day fluvial landscape (Chapter 9).

CHAPTER 9
SUMMARY. DISCUSSION AND CONCLUSIONS

9.1

INTRODUCTION

This thesis has investigated the morphology, dynamics and late Quaternary sedimentary
history of ephemeral drainage systems in the Alice Springs region of central Australia,
with special reference to the Sandover, Bundey and Woodforde Rivers. Study of these
rivers has highlighted a number of unusual aspects of desert channel morphology and
associated fluvial features, many of which have been previously little documented or
poorly addressed in the literature. In addition, the study has demonstrated the nature of
channel change during the late Quaternary and has provided an indication of the
palaeoenvironmental events accompanying those changes.

The aims of this chapter are four-fold: first, to summarise the findings of this study with
particular reference to the main study aims (Section 9.2); second, to synthesise the
findings by considering models and concepts of fluvial landform development (Sections
9.3-9.5); third, to highlight future priorities for research (Section 9.6); and finally, to
conclude by outlining the significance of the findings for the understanding of desert
fluvial form, process and change (Section 9.7).

9.2

SUMMARY OF FINDINGS

This study of ephemeral drainage systems in the Alice Springs region had three main aims
(Chapter 1): to describe the contemporary fluvial geomorphology of some ephemeral
drainage systems, with particular reference to downstream changes in channel
morphology, sedimentary characteristics and inferred flow conditions; to document the
spatial and temporal dynamics of these drainage systems in terms of the catchment-wide
changes occurring during the late Quaternary and the more localised historical changes;
and to link these two aims, by investigating the extent to which the form and function of
the contemporary drainage systems are influenced by late Quaternary fluvial changes.

Particular attention has focused on the catchments of the Sandover, Bundey and
Woodforde Rivers, three adjacent drainage systems on the Northern Plains. Within the
context of Schumm's (1977) concept of source, transfer and deposition zones, the
subdivision of these catchments into upland, piedmont and lowland and floodout zones
(Chapter 2) has formed the basic framework for study.

Chapter 4 considered various aspects of downstream channel change. In broad outline,
the Sandover, Bundey and Woodforde Rivers all show the same down valley pattern: a
network of ephemeral, low-order channels arises in the upland zone and converges in the
lower gradient, piedmont and lowland zones. Channel banklines are typically welldefined and well-vegetated but, once beyond the limit of tributary contributions, channel
capacities decline in the downstream direction. In the floodout zone, an increasing
proportion of large floods reaching this far downstream are diverted overbank.
Eventually channelised flow and bedload transport largely cease, but floodwaters
continue across the floodouts. Despite these similarities, the Sandover, Bundey and
Woodforde Rivers also show a number of differences in the patterns of downstream
change. In particular, the contrast between the largely single-thread Sandover River and
the anabranching and distributing reaches of the Bundey (Sandover-Bundey) River is
striking, given the similarities in catchment size, channel length and long profile of the
two rivers. Despite these contrasts in channel pattern, the two rivers display some
similarities in the pattern of channel change through the floodout zone, with marked
fluctuations in width-depth ratio and local steepening of bed slopes a key feature of
several short reaches. On the far smaller Woodforde River, downstream fluctuations in
channel size and shape are far less evident, with the decrease in channel capacity and
bankfull discharge following linear trends. The more regular pattern of downstream
change shown by the Woodforde River may be related to the greater influence of
vegetation in contributing to bankline stability and in restricting width adjustment on small
rivers in the region.

Chapters 5 and 6 provided more detailed treatment of the fluvial landforms characteristic
of the lowland and floodout zones. The lowland zone provides the spatial link between
areas of sediment supply in the upland and piedmont zones and the areas of sediment
deposition in the floodout zone. Chapter 5 showed how channel morphology varies
between the lowland zones of the Sandover, Bundey and Woodforde Rivers due to the
contrasts in the calibre of bed material and patterns of tributary drainage. For the
Sandover River, which transports a bedload of medium to coarse sands, the channel is
typically single-thread and relatively wide and shallow. For the Bundey and Woodforde
Rivers, which transport bedloads of coarse sands and granules, anabranching
characterises many reaches. Anabranching is best developed downstream of major
tributary junctions: the Bundey River, for instance, alternates from single-thread to
multiple-thread along its length in response to tributary inputs of water and sediment.
The influence of tributaries on anabranching in the trunk channels can be two-fold: first,
by the input of water and sediment to the trunk channels either prior to or in the absence
of flows originating further upstream; and second, by the input of water and sediment to
the trunk channels during flood flows generated upstream. In these instances, the in-

channel ridges and islands dividing the anabranching channels can form as a result of
various depositional and erosional processes, including accretion in the lee of in-channel
vegetation, by linear dissection of floodplains and by the formation and maintenance of
deferred-junction tributaries. Vegetation plays a key role in the growth and stabilisation
of many ridges and islands. Ridges and islands provide a store for excess sands and
gravels, and result in increased water depths, velocities and bed shear stress through the
anabranching channels as compared to adjacent single-thread reaches.

Hence, the

development of anabranching downstream of tributary junctions has implications for the
rates of bedload sediment transport across the low-gradient plains. Due to uncertainties
surrounding the longitudinal variations in boundary roughness, however, preliminary
calculations of bedload transport rates between anabranching and single-thread channel
reaches proved inconclusive as to the relative influence of anabranching on downstream
bedload flux.

Chapter 6 considered the fluvial landforms characteristic of the floodout zones. The
floodout zone consists of the upstream channel tract and the downstream floodout, which
occurs at the terminus of the channel where floodwaters spill across adjacent alluvial
surfaces. On the Sandover, Sandover-Bundey and Woodforde Rivers, the downvalley
burial of older teiTaces by younger alluvial deposits is a key factor influencing the location
of the floodout zone. The emergence point refers to the point where the channels leave
the confines of the upstream terraces. Downstream of here, and beyond the initial
increase in capacity that occurs on the Sandover and Sandover-Bundey Rivers, splays
and distributary channels develop and there is a rapid downstream decline in the size of
the channel, which eventually terminates in the floodout. A distinction was made
between the intermediate floodouts of the Sandover and Woodforde Rivers, downstream
of which channels reform, and the terminal floodout of the Sandover-Bundey River,
where floodwaters ultimately dissipate. Features characteristic of both include fluvialaeolian interactions, waterholes and transverse bedforms.

Although floodouts are

difficult to classify, possessing features common to both floodplains and fans, their low
gradients, fine-grained deposits and common location on medial or distal reaches of
channels means that they are best regarded as pait of the continuum of floodplains.

The forms, processes and sedimentary sequences of desert river floodplains have
received relatively little attention in the literature. Chapter 7 considered the downstream
changes in floodplain character and described the various processes of floodplain
construction and destruction. The geomorphology and stratigraphy of floodplains in the
relatively confined upland, piedmont and lowland zones suggests that overbank vertical
accretion is the main process of floodplain construction, resulting in largely fine-grained
floodplains overlying basal sands and gravels.

In the anabranching reaches of the

Bundey and Woodforde Rivers, however, the accretion of in-channel ridges and islands
can also be an important component of floodplain construction.

In the unconfined

floodout zone, where channels are more laterally unstable and overbank flows spread for
greater distances to either side of the channel margins, the floodplain geomorphology and
stratigraphy is more varied with alluvial sequences containing a mix of both channel and
'overbank' deposits. Holocene sediments typically form a thin veneer over older, heavily
weathered red alluvium or bedrock and contain bodies of coarse sands and gravels
encased in predominantly fine-grained overbank sequences. The eventual disappearance
of channelised flow means that there is a general downvalley decrease in the ratio of
channel sands and gravels to overbank fines, with aeolian sediments locally incorporated
in the predominantly alluvial sedimentary sequences. Palaeochannels adjacent to the
present-day channels and floodouts indicate long-term shifts in the area of deposition on
these low-gradient plains, suggesting that alluvium may be partly laid down in lateral
sequences.

The alluvial sequences contained in floodplains and floodouts preserve a record of past
hydrological and fluvial events and thus provide one means of linking the study of
contemporary form and process, longer term fluvial dynamics and palaeoenvironmental
change. Chapter 8 considered the evidence for late Quaternary fluvial activity in the
Sandover, Bundey and Woodforde River catchments. Thermoluminescence (TL) dating
of alluvial terraces bordering the middle reaches of the contemporary channels provides
evidence of fluvial activity over part of the last glacial cycle (possibly Oxygen Isotope
Stage 5, and Stages 3 and 2). The red colouration, deep induration, and occasional
accumulations of pedogenic carbonate within the terrace alluvium contrasts with the
browner, little indurated sediments forming the contemporary floodplains.

The

morphology and stratigraphy of the terraces and floodplains indicate a change in the late
Pleistocene from large, sinuous, laterally-migrating channels to smaller, inset channels.
In the piedmont and lowland zones, subsequent processes of floodplain construction and
destruction have occurred largely within the confines of the terraces, but in the floodout
zones the terrace alluvium has been buried under a shallow cover of younger alluvial
deposits. A series of large floods in the last 30 years has had little impact in the piedmont
and lowland zones but has resulted in a number of changes to the channels in the floodout
zone.

In comparison to floods earlier in the Holocene, however, the geomorphic

effectiveness of these recent floods has been relatively limited.

The study of the contemporary morphology (Chapters 4, 5, 6 and 7) and late Quaternary
dynamics of the Sandover, Bundey and Woodforde Rivers (Chapters 7 and 8) suggests a
number of links between past and present fluvial processes and forms, the investigation
of which formed the third aim of this thesis. For instance, throughout this study, a basic

distinction has been made between the fluvial processes and forms in the confined reaches
of the piedmont and lowland zones and those in the unconfined floodout zones. In large
part, this distinction relates to the presence or absence of alluvial terraces resulting from
Pleistocene phases of fluvial activity, which indicates that past forms are continuing to
influence modern processes and forms.
The links between past and present fluvial activity in the catchments of the Sandover,
Bundey and Woodforde Rivers may have a number of wider implications. Galloway
(1978) has commented on the need to develop unifying paradigms in Australian
geomorphology and Graf (i988a) has drawn attention to the general neglect of theory
construction and broad generalisations in the study of desert rivers. Hence, the next part
of this chapter considers ways of synthesising the main findings of this study with a view
to contributing to a better general understanding of desert river behaviour that may be of
relevance both for Australian and other desert environments.

9.3 INHERITANCE IN FLUVIAL LANDFORM DEVELOPMENT
All landforms of any antiquity contain inherited features resulting from a complex histoiy
of palaeoclimatic and possibly tectonic changes. As such, ideas of inheritance in
landscape development have a long and complex history, as testified by the dominance of
denudation chronology in the field of geomorphology early this century (Chorley et al,
1984). In North American and British geomoiphology, however, this historical approach
was largely abandoned in the 1960s and 1970s in favour of the systems approach to the
study of landforms, which tends to stress aspects of equilibrium in landscape behaviour
rather than change. In contrast, ideas of inheritance have continued to feature strongly in
Australian geomorphology, with many authors having noted the widespread imprint of
Cainozic climatic and tectonic events on many Australian landscapes (e.g. Mabbutt, 1967;
Davies and Williams, 1978; Galloway, 1978; Bowler, 1978; Bowler and Wasson, 1984;
Wilhams etaL, 1991; Fried and Smith, 1992).
Inheritance has also provided a useful framework for looking at Quaternaiy fluvial change
in inland Australia. Bowler (1978), Adamson et al. (1987), Pickup (1988, 1991) and
Rutherfurd (1994) have all drawn attention to the influence of inherited floodplain and/or
tectonic features on modern fluvial forms and processes. Similarly, the links between the
form and behaviour of the present-day Sandover, Bundey and Woodforde Rivers and the
deposits of past alluvial episodes demonstrates the principle of inheritance in fluvial
landscape development. The following section outlines the key aspects of inheritance in
these three catchments, before outlining its broader significance in Australian fluvial
geomorphology.

93.1
Bundey

Fluvial
and

landform
Woodforde

inheritance

in the catchments

of the

Sandover,

Rivers

The catchments of the Sandover, Bundey and Woodforde Rivers contain many landforms
resulting in whole, or in part, from the past phases of fluvial activity, such as colluvial
and alluvial aprons, red earth plains, Tertiary limestones and palaeochannels (Chapter 2).
However, the effects of inheritance on the form and behaviour of the modern channels are
mainly expressed through the alluvial terraces that flank the channels through much of the
piedmont and lowland zones. These terraces represent the deposits of large, sinuous,
laterally-migrating channels that were active at various periods during the late Pleistocene,
including around the time of the LGM (Chapter 8). Subsequent reduction in discharge,
most probably some time after c.l5 ka, resulted in channel contraction and left the
deposits as paired terraces flanking smaller, inset channels in the piedmont and lowland
zones.

The alluvial terraces have had a key influence on the processes of flow and sediment
transport in the inset channels during the Holocene. The highly indurated nature of the
terrace alluvium means that they are not easily reworked and thus the channels have
essentially been 'locked' in place. In many reaches, meander wavelengths inherited from
the larger Pleistocene channels have been imposed on the modern channels, resulting in
anomalously high wavelength-width ratios (Chapter 8). Although the terraces are
occasionally overtopped by large floods, for the most part they confine overbank
floodwaters to a relatively narrow trench. This has three main effects: first, it limits
downstream transmission losses which might otherwise result from infiltration into the
plains surrounding the channels; second, it limits the potential for major fluctuations in
channel size; and third, it limits the nature and lateral extent of floodplain processes, such
as by restricting the development of splay and distributary channels. Hence, on the
Sandover, Bundey and Woodforde Rivers, the effects of the confining terraces means
that channel capacity generally only slowly declines downstream through the lowland
zone (Chapter 4).

The influence of the terraces on modern processes and forms is clearly demonstrated by
the changes that occur in the transition from the lowland to the floodout zones.
Downvalley burial of the older terraces by younger alluvium at the emergence point
means that overbank floodwaters are no longer confined (Chapter 6). By comparison
with the upstream reaches, the disappearance of the terraces has three main effects; first,
floodwaters spread for greater distances to either side of the channels and thus
transmission losses markedly increase due to infiltration into the plains surrounding the

channels; second, the younger, less indurated alluvium forming the channel boundary is
more easily reworked and there is greater potential for major fluctuations in channel size;
and third, it changes the nature and lateral extent of floodplain processes resulting, for
instance, in the development of splay and distributary channels. Beyond the initial
increase in channel size that occurs on the Sandover and Sandover-Bundey Rivers, the
disappearance of confining terraces means that on all three rivers, there is an overall rapid
downstream decrease in channel capacity through the floodout zone.
The presence or absence of the alluvial terraces has also had a major influence on the
nature of channel and floodplain response to large floods occurring during the Holocene.
The absence of early-mid Holocene deposits from the terraced reaches suggests that they
have been progressively reworked or removed by large Holocene floods (Chapter 8).
The confined nature of these reaches may have enhanced the erosive effects of large
floods by containing floodwaters within a relatively narrow trench. In the unconfined
reaches of the floodout zone, however, changes in the hydraulic geometry of flood flows,
with floodwaters spreading for greater distances to either side of the channels, may have
reduced the erosive effect of large floods. Here, lateral migration and channel avulsions
have enabled partial preservation of early-mid Holocene deposits in channel fills or
floodplain sequences (Chapters 7 and 8).
The presence or absence of the Pleistocene alluvial terraces has also determined the
response to the series of large floods in the last 30 years. In the terraced reaches, very
few changes have occurred to channels or floodplains (Chapter 8). Although
confinement of floodwaters has been suggested to be a contributory factor in the process
of linear dissection of floodplains (Chapter 5), there is little evidence of extensive
stripping of floodplains during this period. This suggests that earlier Holocene floods which were able to rework or partially destroy floodplains - must have been substantial
indeed. In the unconfined reaches of the floodout zone, however, a number of changes
have occurred during these floods, including channel extension, avulsion and the
development and enlargement of splay channels.
In outhning the aims of this study (Chapter 1), it was asked whether channel forms in the
Alice Springs region are essentially Pleistocene in character or whether significant
changes have occurred during the Holocene. Clearly, the findings from the Sandover,
Bundey and Woodforde rivers attest to the dynamic nature of Holocene channel and
floodplain change, whilst at the same time recognising that changes have largely taken the
form dictated by the pattern of Pleistocene terraces. In the terraced reaches of the
piedmont and lowland zones, the courses of the present-day channels have been inherited
from the larger Pleistocene channels and Holocene events have been restricted to

reworking the inset channel and floodplain alluvium; for example, by stripping and
rebuilding floodplains, and by forming in-channel ridges and islands. This inherited
effect is less evident in the floodout zones where the Pleistocene alluvium has been buried
by younger alluvial deposits and there have been marked changes in channel location.
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By linking late Quaternary fluvial change and modern processes and forms, the principle
of inheritance provides a useful summary framework for the findings of this study. In
addition, inheritance may help to explain many other fluvial landforms in inland Australia.
Clearly, however, inheritance is not unique to Australian fluvial environments for the
forms of most rivers are partly the product of their history. Inherited properties and
controls can be expressed in a number of ways: for instance, many perennial rivers in the
formerly glaciated regions of the Northern Hemisphere are still responding to supplies of
glacial and periglacial debris from the last ice age (e.g. Church and Ryder, 1972; Church
and Slaymaker, 1989; Ahnert, 1994). Similarly, inheritance can be expressed on various
timescales: for instance, Thornes (1994b) has provided examples from ephemeral
channels in the American southwest and the Negev Desert, Israel, to illustrate how the
short-term history of flood events provides a important new set of boundary conditions
for subsequent processes.

Nevertheless, for many Australian rivers, the effects of inheritance are often
extraordinarily subtle and persistent. As noted by Rutherfurd (1994), inherited effects on
the Murray continue largely because the climatic trend over the last 50 ka has been
towards lower discharges and lower sediment loads, which means that old channel forms
are preserved and thus they continue to influence modern processes. In broad terms, this
climatic trend also helps to explain the preservation of the alluvial terraces along the
Sandover, Bundey and Woodforde Rivers. In addition, the aridity of the Alice Springs
region - which has resulted in deep weathering and induration of the terraces - and the
relatively low-energy setting of the Northern Plains are also important factors in
explaining their preservation. For inland Australia in general, late Quaternary climatic
trends, arid and semi-arid conditions, relatively low sediment yields and low energy
environments provide a continental setting very conducive to the preservation of inherited
features such as palaeochannels and terraces, many of which often continue to influence
modern fluvial processes and forms.

The large degree of inheritance in many Australian landscapes has led some researchers to
question the relevance of modern process studies for the understanding of landforms on
the continent (e.g. Bowler, 1978; Chapter 1). In part, this may be seen as a reaction to

the equilibrium approach which dominated geomorphic research in the i960s and 1970s;
this tended to concentrate on stability of form and largely ignored antecedent factors.
Although inherited features are important elements of many Australian landscapes,
however, it is important not to overstate the case. The findings of this study, and similar
studies such as Rutherford (1994), also illustrate the relevance of modern form-process
studies in attempts to understand the fluvial landscape. For instance, even though fluvial
landscapes in the Alice Springs region possess many features inherited from prior flow
regimes, there is also evidence for significant change to channels and floodplains on
relatively recent (late Holocene and historical) timescales. Hence, studies of modern
process and form are still needed to provide a complete description of the fluvial
geomorphology but at the same time, modern processes and forms cannot be understood
without reference to the nature of preceding fluvial events. This illustrates the importance
of studying fluvial geomoiphology on both short and long timescales.

9.4

EQUILIBRIUM IN FLUVIAL LANDFORM DEVELOPMENT

Although the modern Sandover, Bundey and Woodforde Rivers are strongly influenced
by conditions inherited from preceding phases of fluvial activity, the findings of this
study suggest that channel and floodplain forms are essentially a product of the late
Holocene. Hence, whilst inheritance provides a framework for analysing changes on a
late Quaternary timescale, concepts of equilibrium provide the basis for a discussion of
channel and floodplain behaviour on the shorter timescale of the late Holocene.

Much research in fluvial geomorphology has emphasised the search for and the analysis
of equilibrium conditions (Graf, 1988a) but as yet there is no universally accepted set of
criteria for determining whether all, or part, of a river system is in equilibrium (Knighton,
1984). Furthermore, the meaning of the terms 'steady-state' and 'dynamic' equilibrium
have been the subject of much confusion in the literature. Recent comments on the
terminology and application of equilibrium concepts in geomorphology have been
provided by Montgomery (1989) and Ahnert (1994).

The terms 'steady-state

equilibrium' and 'dynamic equilibrium' are used here as defined by Chorley and Kennedy
(1971, pp.202-3; see also Graf, 1988a, pp.37-8), to imply some form of balance
between flow, sediment and channel dimensions; in other words, channel dimensions
oscillate about a long-term average condition that is either unchanging (steady-state
equilibrium) or changing (dynamic equilibrium). Ahnert (1994) argues that the presence
of a trend in the latter case means that equilibrium (in the literal sense of the term) is
absent and he also advocates the abandonment of terms such as 'steady-state
equilibrium'.

However, in line with the use of earlier researchers, and due to the

concepts succinctly conveyed by the terms steady-state and dynamic equilibrium, they are

retained here. In contrast, nonequilibrium is used here to imply a lack of balance between
flow, sediment and channel dimensions; in other words, channel dimensions have no
long-term average form (cf. Stevens et ciL, 1975).
Equilibrium states are scale-dependent (Graf, 1988a) and thus the choice of suitable
temporal and spatial scales is vital in determining whether a particular system is in
equilibrium or nonequilibrium. In the Alice Springs region, over timescales of tens to
hundreds of thousands of years and at the catchment scale, channel behaviour probably
represents a system of dynamic equilibrium, with long profiles adjusting as downcutting
occurs in the headwaters and aggradation occurs in the distal reaches. Over timescales of
thousands to ten of thousands of years, and at the sub-catchment scale, the geomorphic
effects of large or catastrophic floods may mean that the rivers might more closely
correspond to a system of episodic disequilibrium {sensii Nanson and Erskine, 1988),
with periodic stripping of floodplains and/or channel widening followed by gradual
recovery during the following decades or centuries. Over timescales of decades to
thousands of years, and at the reach scale, other concepts of equilibrium or
nonequilibrium may apply.
Although there is httle agreement over the time period of observation required to identify
different equilibrium states, observations are usually made 'over a period of years' (e.g.
Mackin, 1948, p.471). While the limited period of this study is acknowledged, the TL
ages for in-channel and floodplain alluvium and the aerial photographs available since the
1950s provide a certain amount of historical data which can be used to help suggest
whether processes and forms in the modern Sandover, Bundey and Woodforde Rivers
are characterised by equilibrium or nonequilibrium. The following discussion further
emphasises the distinction made in this study between the confined and unconfined
reaches by focusing on fluvial landforms in the lowland zone and in the floodout zone.
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While the Sandover River is a single-thread channel in the lowland zone, many reaches of
the Bundey and Woodforde Rivers are characterised by anabranching. Some authors
have considered anastomosing and anabranching to be transitional river patterns that are
caused either by a change from arid to humid climates (Garner, 1966, 1967) or by
avulsion of meander belts to new positions on the floodplain (Smith et cil, 1989). For
the perennial sand-bed channel of Plum Creek, Colorado, Osterkamp and Costa (1987)
have shown how the accretion and eventual bank-attachment of vegetated, mid-islands is
an important part of channel recovery and floodplain reconstruction following

catastrophic floods (Chapter 1, Fig. 1.6). While Plum Creek is not strictly anastomosing
or anabranching (sensu Knighton and Nanson, 1993; Nanson and Knighton, 1996) on
account of the limited length of many islands, Osterkamp and Costa's (1987) study
provides another example of the transient nature of many multiple (or quasi-multiple)
channel patterns.

In the anabranching reaches of the Bundey and Woodforde Rivers, ridges and islands
form as a result of a number of depositional and erosional processes, involving either the
formation of new floodplain (e.g. accretion of in-channel ridges) or the destruction of
existing floodplain (e.g. channel cutting by linear dissection of floodplains) (Chapter 5).
Both depositional and erosional forms can be found within a given reach and across a
given section in roughly equal proportions and in some instances appear to have
coalesced. A comparison of aerial photographs from the 1950s with those of the 1980s
shows that there has been essentially no change in the numbers, position or size of the
ridges and islands during this time. While field investigations provide some evidence of
recent channel cutting or the degradation of ridges and islands, this has generally occurred
at a scale finer than can be detected on aerial photographs. Furthermore, channel cutting
appears to have been roughly counterbalanced by the aggradation of pre-existing channels
or by the continued accretion of other in-channel ridges or islands. Thus, the number of
active channels has remained roughly constant over time.

Hence, in contrast to the rivers studied by Smith et al. (1989) and Osterkamp and Costa
(1987), the available evidence from the Bundey and Woodforde Rivers shows no
tendency for a progressive increase or decrease in the number or size of ridges, islands
and channels over time. This suggests that the anabranching reaches as a whole represent
steady-state equilibrium; although there have been minor fluctuations in the number and
size of ridges, islands and channels, they have fluctuated around a long-term average
value that is unchanging. Similar conclusions can be reached for the adjacent singlethread reaches of the Bundey and Woodforde Rivers and for those of the Sandover River;
although there have minor fluctuations in channel size over time, this has occurred around
an unchanging long-term average value. This interpretation is supported by the surveyed
sections of the Sandover River at Utopia station between 1976 and 1986 (Chapter 2,
Fig.2.8) which do not show any systematic change in bed elevation or channel widening
over that time despite the passage of several large floods.

The interpretation that the anabranching channels represent steady-state equilibrium is also
implicit in recent suggestions that anabranching helps to maintain the continuity of
sediment transport in situations where rivers cannot increase their gradients or where
gradients have been locally reduced (Nanson and Knighton, 1996; Nanson and Huang, in

press). For the Bundey and Woodforde Rivers, however, calculations of bedload
transport rates (Chapter 5) proved inconclusive as to the influence of anabranching on
sediment transfer. Nevertheless, for these rivers, the stability implied by steady-state
equilibrium suggests that the influence of the ridges and islands on sediment transfer (be
it to increase, maintain or decrease rates of bedload transport) is unlikely to vary gready in
the short term.

9.4,2
Fluvial landforms
nonequilibrium
features?

in the floodoiit

zone - equilibrium

or

In contrast to the anabranching channels found in many reaches of the lowland zones,
single-thread or distributary channels characterise the floodout zones of the Sandover,
Sandover-Bundey and Woodforde Rivers. Pickup (1991) has commented on the
relevance of conventional models of river behaviour for describing the floodplain systems
of central Australia, with much of his discussion couched in terms of equilibrium
principles. Pickup (1991) considered that the 'channel-levee complexes' of the region are
constructional landforms which had been growing slowly upwards and outwards from
the ranges until the series of large floods occurring since the 1960s accelerated their
development. These floods removed sediment from storages in the channel and deposited
it either on levees and the areas beyond or in floodouts. As a result of this activity,
Pickup (1991, p.470) suggested that the 'channel-levee systems are therefore developing
progressively rather than fluctuating about an equilibrium condition although that
development may be highly intennittent'.
In the floodout zones of the Sandover, Sandover-Bundey and Woodforde Rivers, the
channel changes that have occurred in response to the recent series of large floods provide
some support for Pickup's (1991) statement. Changes have included extension of
channels into the floodouts, avulsion and the enlargement or development of splay
channels (Chapter 8). This suggests that the fluvial landforms in the floodout zones are
inherently unstable and subject to change. Hence, on the timescale of the last few
decades, the floodout zones can be considered to harbour a range of landforms that are in
nonequilibrium, in the sense that channels leading into the floodouts shows no long-term
average form and landforms such as splay channels, which are formed in one or a few
floods and remain little modified thereafter, are out-of-balance with the normal range of
flows. On longer timescales, however, such as over several centuries or a few millenia,
fluvial landforms in the floodout zone might be considered to be 'developing
progressively' (Pickup, 1991): for instance, by continually accreting sediment and
growing in volume or by extending the network of distributary and splay channels.

Clearly, extrapolating the behaviour of landforms in the floodout zone from an empirical
record of decades or less to timescales of centuries or millenia is risky. Some speculation
is worthwhile, however, because there are number of implications for the longer term
development of the fluvial landscape. As Pickup (1986, p. 162) notes, the understanding
of fluvial landform behaviour in 'sink zones' (such as floodouts) is poorer than for the
upstream 'transfer zones'. Nevertheless, by using the principles derived from the study
of other sink landforms, such as alluvial fans (e.g. Hooke, 1967; Bull, 1977; Rachocki,
1981) and erosion cells (Pickup, 1985, 1988, 1991), it is possible to speculate as to the
long-term development of landforms in the floodout zone.

By analogy with the intersection point on alluvial fans (Hooke, 1967; Bull, 1977;
Bowman, 1978; Harvey, 1987), channel behaviour at the emergence point (Chapter 6) is
important in determining patterns of deposition or erosion in the floodout zone. Over
timescales of decades, or possibly even centuries, the position of the emergence point is
essentially stable but over longer time periods it may migrate in response to changes in the
balance between flow competence and sediment transport in the distal reaches.

Figure 9.1 illustrates two possible scenarios of change at the emergence point. For
example, upstream migration of the emergence point (Fig.9.1a) may result from increased
channel and overbank deposition at the proximal edge of the floodout zone, following an
increase in upstream sediment supply or a series of floods that dissipate before reaching
the floodout. This process may become self-perpetuating, for backfilling of the channel
and upstream migration of the emergence point would enable flood flows to spread for
greater distances to either side of the channel, encourage the development of splays and
distributaries and further reduce the channel gradient. This would encourage further
deposition and successive floods would have to become progressively more extreme in
order to remove the build-up of sediment. Similar behaviour hcis been noted by Schümm
and Hadley (1957) in arroyo networks of the American southwest, where filling of the
lower parts of tributary valleys with sediment leads to upstream migration of alluviation
and the spreading of water and sediment over the adjacent floodplain and terraces. In the
Alice Springs region, Mabbutt (1962, p. 168) considered that the 'zone of deposition' on
many rivers has migrated upvalley in the recent past: for instance, the limestone terraces
of the Finke River disappear beneath its floodplain near New Crown, and alluviation has
extended up its entrenched tributaries.

In contrast, trenching of deposits in the floodout zone (Fig.9. lb) may occur in response
either to a decrease in sediment supply or to an extended period of flooding. This would
have the effect of extending the formation of splay and distributary channels further
downstream and would result in sediment deposition in more medial or distal parts of the

a.)
Emergence point

b.)
Emergence point

Figure 9.1 Possible scenarios of channel change at the emergence point: a.) progressive backing-up of
alluvial sediments transported into the floodout zone, resulting in area of deposition shifting upstream;
b.) trenching of alluvial sediments in the floodout zone, resulting in area of deposition shifting
downstream.

floodout zone. On a limited scale, this situation appears to have prevailed in the floodout
zones of the Sandover-Bundey and Woodforde Rivers during the large floods of the last
30 years, for many channels and splays have extended short distances downstream
during this time (Chapter 8). On the Sandover River, avulsion and cutting of a new
channel has changed the pattern of deposition in the floodout zone (Chapter 7). Similar
behaviour has been noted on the piedmont plains of the Biskra region of the northern
Sahara (Williams, 1970b), where the distribution of radiocarbon dates suggests
downvalley extension of channel incision and the basinwards migration of alluviation
during the last few thousand years. Other observations of this process are provided by
experimental and field-based studies of fan-head and intersection point trenching on
segmented alluvial fans (e.g. Hooke, 1967; Bull, 1977; Bowman, 1978; Rachocki, 1981;
Harvey, 1987).

While behaviour at the emergence point controls fluvial landform development and
patterns of deposition in the proximal and medial parts of the floodout zone, the long term
build-up of sediment may also ultimately control landform development in the distal parts.
For instance, over time sediment accumulation may lead to the steepening of local valley
gradients in the distal reaches, in a manner similar to the process widely noted in arroyos
of the American southwest (e.g. Schümm and Hadley, 1957; Schümm, 1961b), in the
lower reaches of sand-bed channels in central Australia (e.g. Bonython, 1963; Sullivan,
1976), in discontinuous gullies (e.g. Leopold et ciL, 1964; Patton and Schümm, 1975;
Erskine and Melville, 1983b, 1984) and in the sink zones of erosion cells (Pickup, 1985,
1988, 1991). In all these instances, the steepened gradients resulting from the build-up
of sediment influence the subsequent processes of flow and sediment transport.

The implications of sediment build-up can be demonstrated by reference to Pickup's
(1985, 1988, 1991) description of erosion cells (Fig.9.2). Erosion cells are erosionaldepositional features that are widespread on many alluvial plains in arid and semi-arid
Australia. They occur on a variety of scales but are generally smaller than the creeks and
rivers. Erosion cells develop in response to localised runoff and associated redistribution
of sediment and consist of a production zone, a transfer zone and a sink. Hence, erosion
cell structure closely corresponds to Schumm's (1977) larger scale model of the
'idealised' fluvial system (Chapter 2, Fig.2.4). Nevertheless, although erosion cells have
similarities with arroyos and discontinuous gullies, they result from sheetflow rather than
channel flow (Pickup, 1985, 1991). As such, the principles derived from the behaviour
of erosion cells may be particularly applicable to floodouts.

Descriptions of the behaviour of erosion cells (Pickup, 1985, 1991) show that as the sink
zone accumulates material (Fig.9.2, stages 1 and 2), the steepening of gradients on the
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Figure 9.2 Idealised development of erosion cell structures in low-gradient landscapes (redrawn from
Pickup, 1985). The principles governing the behaviour of erosion cells may be applicable to the longterm development of the fluvial landscape in the floodout zone.

toe of the sink, in combination with flowing water which is no longer sediment-laden,
may cause a renewal of erosion. Erosion is usually by gullying and, if it proceeds, it may
then develop into a new erosion cell, complete with downstream transfer zone and sink
(Fig.9.2, stage 3). Furthermore, as the sink zone accumulates material, its elevation
increases and water may start to be diverted around it. In flat areas where the erosion cell
is laterally unconfined, renewed erosion and gullying may also occur at the edges of the
sink (Fig.9.2, stage 3). These gullies gradually capture the runoff into the sink as they
move upstream and the sink may then become inactive because it is no longer being fed
by the original production zone.
Although floodout zones generally range in area from -10-1000 km', and thus are
sometimes considerably larger than erosion cells, analogy with the sink zones of erosion
cells is useful for explaining many aspects of landform development in the floodout zone.
For instance, the gullies that develop on the toe of the sink zone as sediment accumulates
may represent small-scale analogues of the reforming channels characteristic of
intermediate floodouts, such as on the Sandover and Woodforde Rivers.

Although

reforming channels mainly occur as a result of flow constriction and tributary inflows
(Chapter 6), slight steepening of the valley gradients immediately downstream of the
floodouts also appears to be an important factor in channel incision. Coarse sands and
gravels exposed in knickpoints or intersected during drilling of the reforming channels
(Chapter 6, Plate 6.4; Chapter 7) indicates that the steepening of the valley gradients may
indeed be a result of the long-term build-up of sediment in the floodout zone.
In the case of arroyos and discontinuous gullies, the steepened slopes on the downstream
side of the sediment plug eventually results in the initiation of headward eroding gullies,
which cut back through the deposits to re-establish a through-going drainage (Schümm
and Hadley, 1957; Patton and Schümm, 1975). Headward eroding gullies are visible at
the start of many reforming channels in the Alice Springs region, such as those of the
Landar and Woodforde Rivers, although they are commonly separated from the upstream
channels by distances of tens of kilometres across the low-gradient

floodouts.

Nevertheless, given an extended period of erosion, the headward migration of
knickpoints, in combination with extension of the upstream channels into the floodouts,
might ultimately result in trenching of the floodout sediments and the re-establishment of
through-going drainage.

9.5 CONCEPTS OF DESERT RIVER BEHAVIOUR
A review of the literature (Chapter 1) revealed two of the most pervasive concepts
regarding desert river behaviour: first, that desert stream morphology is dominated by
floods towards the high magnitude-low frequency end of the flood event spectrum; and
second, that as a result of the dominance of large floods, desert streams tend to be
characterised by a state of nonequilibrium. These concepts have mainly originated from
the large body of work in the American southwest but have also found strong support
from work in other desert regions, particularly in Israel.
Similarly, previous descriptions of channels in the Alice Springs region have tended to
stress the geomorphic impact of high magnitude floods and aspects of nonequilibrium.
Taken as a whole, studies such as Pickup (1991), Patton et cil. (1993) and Bourke (1994)
have provided support for many of the concepts largely emanating from the American
southwest, by emphasing episodic processes of channel and floodplain development
resulting from the dominance of large or catastrophic flood events. The implication is that
the channels and floodplains of the region are nonequilibrium landforms as they are either
transient features or are developing progressively rather than fluctuating about an
equilibrium condition.
The findings of this study differ from previous inteipretations of channel behaviour in the
Alice Springs region in two key respects. First, while features such as transverse
bedforms (Chapter 6) and the indications of reworking or removal of early-mid Holocene
floodplains from the confined reaches of the Sandover, Bundey and Woodforde Rivers
(Chapter 8) do not preclude the geomorphic impact of large flood events, the large
number of late Holocene TL ages (Chapter 8) suggests an extended period of fluvial
activity and floodplain construction over the last few thousand years. Hence, for the
rivers on the Northern Plains, the geomorphic significance of the late Holocene
superfloods described from areas such as the Ross River (Patton et ciL, 1993) remains
unclear. In addition, the study has also demonstrated the importance of lower magnitude,
higher frequency flows in shaping many aspects of fluvial morphology. For instance,
sub-bankfull flows emanating from tributaries have been shown to be an important
contributory factor in the initation, stabilisation and growth of many in-channel ridges and
islands in the anabranching reaches of the Bundey and Woodforde Rivers (Chapter 5).
While larger flows (near-bankfull and greater) also have a role to play in shaping channel
morphology (e.g. by forming erosional ridges or by contributing to the accretion of larger
islands), the importance of the low flows in these channels contrasts with the overriding
dominance attributed to large flood events in many previous studies.

Second, as a result of the changing downstream influence of inherited alluvial terraces on
modern fluvial processes (Section 9.3), the study has demonstrated aspects of both
equilibrium and nonequilibrium in channel and floodplain behaviour (Section 9.4). Over
the last few decades, the stability of channels in the anabranching and single-thread
reaches of the confined lowland zones suggests that they are characterised by steady-state
equilibrium. In contrast, the large floods of the last 30 years have had greater impact in
the unconfined floodout zones, resulting in nonequilibrium channel and landform
behaviour. This demonstrates that channel and floodplain behaviour on the Sandover,
Bundey and Woodforde Rivers has a spatial component, which needs to be accounted for
in models of long-term fluvial landscape development.

9.6

FUTURE PRIORITIES FOR RESEARCH

This study has provided the first detailed description of many unusual fluvial
geomorphological features of drainage systems in the Alice Springs region and has
presented a number of ideas regarding their origin and development. The ideas presented
can be seen as suggested hypotheses which are both plausible and consistent with the
available evidence. Nevertheless, large gaps in understanding still remain. Insofar as the
findings of this study highlight these gaps, however, the hypotheses can serve as a basis
for future investigations. The collection of additional data from a greater range of rivers
may result either in support for or modification of the hypotheses, and will help to
evaluate their wider significance.

The study has demonstrated the importance of studying fluvial geomorphology on both
short and long timescales in order to achieve a better general understanding of desert river
behaviour. Thus, it illustrates the need for the collection of additional modern process
and historical data. Clearly, the addition of basic data on flow and sediment transport for
the channels in the Alice Springs region would provide a more reliable base for
interpretations of channel behaviour.

At present, little is known even about basic

hydrological parameters such as flow frequency and magnitude, transmission losses
during flood events, or the relative role of suspended and bedload transport. Despite the
important role of both low magnitude-high frequency flows and high magnitude-low
frequency flows in shaping various aspects of channel morphology, it is not yet possible
to specify the range of 'channel-forming' discharges in quantitative terms or indeed to
even evaluate the relative importance of small and large floods. Furthermore, it is unclear
whether the magnitude-frequency relations of floods change in the downstream direction.
For many rivers in the Alice Springs region, such as the Sandover, Bundey and
Woodforde Rivers, the potential for indirect estimation of velocities and discharge is

restricted due to the limited development of sedimentary bedforms, the lack of preserved
structures in floodplain sequences and the uncertain roughness coefficients resulting from
the large and variable numbers of in-channel trees. The findings emerging from this
study could be used to design a program of monitoring and measurement (cf. Dunkerley,
1992; Graeme and Dunkerley, 1993): for example, by monitoring flow and sediment
transport at various points downstream, or by comparing rates of bedload sediment
transport through anabranching and adjacent single-thread reaches.

Unfortunately,

however, financial constraints, the lack of applied interest in the Ahce Springs region and
the problems of maintaining and accessing monitoring equipment between and during
flood events in this remote region, are all likely to mediate against this objective.
Despite these problems, further comparative investigations of different river systems still
have much to offer the study of fluvial landforms in the Alice Springs region. For
example, contrasts in the downstream change in parameters such as channel width and
capacity shown by relatively small and relatively large rivers appear to be a characteristic
feature of the region. Further studies could examine a wider range of channels of different
scale, in an attempt to identify scale-related controls on patterns of downstream change.
In particular, it is clear that vegetation has the potential to influence many aspects of desert
channel form, process and behaviour. For small, heavily treed channels, Graeme and
Dunkerley (1993) have noted how channel instability and migration may be enhanced by
the growth of trees on the bed, rather than being restricted by it, possibly resulting in a
long-term increase in width-depth ratios. In contrast, the results of this study indicate the
likely important role of bankline vegetation in contributing to bank resistance and in
restricting channel width adjustment, both at-a-station and in the downstream direction,
particularly for relatively small channels. Clearly, the influence of vegetation on desert
channel development needs to be assessed more fully with data from a variety of rivers
systems before further generalisations can be made.

Vegetation is also an important factor in the initiation, growth and maintenance of the inchannel ridges and islands characteristic of the anabranching reaches. Further work in
these reaches could attempt to evaluate the relative importance of depositional and
erosional process in the formation of ridges and islands. Anabranching channels are a
common feature of the arid and semi-arid regions of Australia and thus the tributaryrelated mechanisms presented in this study for the development of anabranches may be
applicable, in whole or in part, to anabranching elsewhere.

The implications of

anabranching for rates of sediment transfer across the typically low-gradient plains of
inland Australia also requires more attention. Given the difficulties of directly monitoring
sediment flux in these channels, flume experiments comparing the relative rates of

sediment transport in anabranching and single-thread ciiannels might provide valuable
information in this regard.

Floodouts are common features of the Alice Springs region as well as many other areas of
arid and semi-arid Australia.

Floodouts result from a number of different causes,

including downstream decreases in discharge, and aeolian, hydrologic/sedimentary and
structural (bedrock) barriers to flow.

Study of a range of floodouts in different

physiographic settings, such as the western Simpson Desert, would provide valuable
further information on factors controlling the location of the floodout zone and the
associated patterns of channel breakdown. In particular, the wider importance of factors
such as the downvalley burial of terraces as a control on the location of the floodout zone
needs to be established.

The early land systems mapping in the Alice Springs region (Perry et ciL, 1962) identified
regional differences in the character of floodplains. The findings of this study, together
with other studies of floodplain form and process (e.g. Pickup, 1991; Patton et ciL, 1993;
Bourke, 1994, Nanson et ciL, 1995) have provided further indications of the variety of
floodplains in the region.

At present, the reasons for these differences are poorly

understood and further work could explore the nature of the controls on floodplain form,
process and stratigraphy.

Furthermore, the nature of the sedimentary sequences

preserved in floodouts and the implications for the long-term development of the fluvial
landscape require clarification. For example, the long-term build-up of sediment in the
floodout zones may lead to the steepening of valley gradients and the initiation of
reforming channels and it may also promote avulsion and shifts in the loci of deposition.
It remains to test these ideas more rigorously against the sedimentary record.

Ultimately, the establishment of a secure chronology is essential for a better
understanding of long-term channel change and tluvial landform development. The TL
ages for the alluvial sediments of the Sandover, Bundey and Woodforde Rivers have
provided indications of fluvial activity over pait of the last glacial cycle but they also pose
additional questions regarding late Quaternary fluvial and palaeoclimatic change in the
Alice Springs region and elsewhere on the Australian continent. For instance, TL ages
from alluvial terraces of the Sandover and Woodforde Rivers provide some support for
the accumulating body of evidence suggesting fluvial activity and high lake levels around
the time of the Last Glacial maximum (LGM) (e.g. Nott and Price, 1994; Nott et al,
1996; Nanson et al, in press). Evidence for larger channels carrying higher discharges
and sediment loads around the time of the LGM presents something of a conundrum, in
that the evidence for widespread aeolian activity across inland Australia at this time would
seem to preclude significant fluvial activity. Future work might concentrate dating efforts

on this time interval in order to indicate tlie synclirony (or otherwise) of aeolian and
fluvial activity and to provide indications of the weather patterns controlling this activity.
On the Sandover, Bundey and Woodforde Rivers, the evidence for discharge reduction
and channel contraction following the LGM corresponds with similar changes identified
on rivers in the Murray-Darling and Lake Eyre basins (Bowler and Wasson, 1984).
However, the practical and methodological problems in establishing the magnitude of
former channel-forming discharges means that it is not yet possible to make quantitative
comparisons between these locations with regards to the palaeohydrological changes.
Similarly, in the confined reaches of the piedmont and lowland zone, the suggestions of
the reworking or removal of early-mid Holocene deposits invites comparison with the
evidence for large Holocene floods elsewhere in the region (Pickup, 1991; Patton etaL,
1993; Bourke, in prep.). At present, however, the synchrony and climatic implications
of this flood activity are also uncertain.

Clearly, further alluvial chronostratigraphic studies are needed to clarify the nature of late
Quaternary channel and flow-regime changes.

Unfortunately, however, there are a

number of limitations to the dating of alluvial sediments in the Alice Springs region.
Organic matter suitable for radiocarbon dating is rarely preserved in the hot oxidising
environment. Furthermore, pedogenic carbonates suitable for dating by radiocarbon or
uranium-thorium methods are relatively limited in extent. Thermoluminescence dating
has provided the basis for the interpretation of late Quaternary channel change in this
study, but the application of this technique in many parts of the region is also beset with
problems. Previous TL ages from the region (Patton et ciL, 1993; Nanson et ciL, 1995),
together with the TL ages obtained from alluvial sediments of the Sandover, Bundey and
Woodforde Rivers show the contrast between very old sediments flanking the channels
(typically >15 ka) and very young near- and in-channel sediments (<5 ka). This suggests
a hiatus in sedimentation or the reworking and removal of the deposits of intervening
fluvial episodes. In addition, the high environmental radiation dose rates in many parts of
the region leads to early TL saturation of alluvium and often precludes dating of
sediments older than c.50 ka. Hence, despite evidence of palaeochannels with coarse
gravelly bedloads in many parts of the region, the age of these channels and the
palaeoclimatic implications remain unknown. For the very young sediments, applying
corrections for residual TL from the analysis of modern surface samples and the relatively
coarse resolution of the TL dating technique, both create problems of interpretation and
mean that it is often not possible to date very young sediments.

The development of Optically Stimulated Luminescence (OSL) techniques may ultimately
prove useful in the dating of younger sediments, for a higher percentage of the OSL

signal in a sample is removed by exposure to sunlight than for the corresponding TL
signal. This reduces the errors and uncertainties in age determination related to estimation
of the residual signal (Duller, 1996).

Furthermore, OSL techniques allow younger

materials to be dated than is possible using TL: for instance, Murray (1996) has recently
produced OSL ages in the range of 105-2000 years for fluvial quartz sands from
Tuggerong Creek, Australia. Hence, future application of OSL dating may provide more
precise age control for sedimentary sequences dating to the last few hundred or thousand
years.

9.7

CONCLUSIONS

The findings of this study are of regional, continental and international significance. In a
regional sense, the study has demonstrated differences in many aspects of fluvial
geomorphology among the drainage systems in the Alice Springs area. For instance, the
study of the Sandover, Bundey and Woodforde Rivers has revealed marked differences
in river patterns and patterns of downstream change even between three adjacent drainage
systems. At a more general level, however, a basic contrast can be drawn between the
rivers systems south and north of the central ranges. In particular, the predominance of
single-thread channels in the Southern Desert Basins is in stark contrast to the common
occurrence of anabranching channel patterns on the Northern Plains.

Preliminary

findings suggest that these differences in channel patterns may relate to the influence of
catchment lithology on bedload calibre, to patterns of tributary drainage and to the steeper
grade of the channels draining south and southeast from the central ranges (Chapter 5).
Further contrasts between rivers south and north of the central ranges are provided by a
comparison of floodplain form and process, patterns of channel breakdown and the
morphosedimentary features of floodouts (Chapters 6 and 7).

In a continental sense, the findings of this study provide further indications of the
diversity and unusual character of fluvial systems in Australia. In a recent review of the
geomorphology of AustraUa's fluvial systems. Tooth and Nanson (1995) commented on
the need to extend fluvial work into géomorphologie 'blind spots'; the present study is
one step in this direction. Furthermore, study of drainage systems in the Alice Springs
region contributes to the growing body of information on the nature of fluvial response to
late Quatemaiy palaeoclimatic change across the Australian continent. In particular, while
it demonstrates that the fluvial landscape in central Australia contains many features
inherited from previous climates, it also shows that significant fluvial changes have also
occurred on more recent timescales.

Hence, while contemporary aspects of fluvial

process and form cannot be interpreted without reference to inherited features such as

alluvial terraces, the study of contemporary process, form and short-term dynamics is still
relevant in attempts to understand fluvial landform development.
In an international sense, the findings of this study provide a major contribution to a better
understanding of desert fluvial form and process. A review of the literature on desert
river channels (Chapter 1) revealed three main gaps in knowledge: first, the understanding
of many aspects of contemporary form and process, such as the nature of downstream
change for large desert rivers and interactions between vegetation and river channel form;
second, the understanding of the longer-term dynamics of desert rivers; and third, the
links between these two strands of research and concepts of desert channel behaviour.
By examining a range of aspects of contemporary form and process, late Quaternary
fluvial change, and the links between the fluvial activity on late Quaternary and more
recent timescales, the present study can be seen as a contribution to the removal of these
deficiencies.
In conclusion, the findings of this study illustrate the need to understand the rivers of the
region using terms, concepts and empirical relationships additional to those defined by
earlier work in deserts, such as those of the American southwest. In combination with
other studies of fluvial form, process and change for rivers of the Australian inland (e.g.
Mabbutt, 1963; Rust and Nanson, 1986; Nanson et al, 1986, 1988; Pickup, 1991;
Dunkerley, 1992; Graeme and Dunkerley, 1993), the findings presented here provide
indications of greater fluvial diversity within the desert realm than has hitherto been
recognised.
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The Appendices

These appendices contain details of the laboratory procedures followed in grain size
analysis (Appendices 1 and 2), the methods used in the analysis of surveyed sections in
the multiple channel (anabranching) reaches (Appendix 3), basic morphometric and
hydraulic data derived from surveyed sections (Appendix 4), and the approach used in
the calculation of former discharges of the Sandover, Bundey and Woodforde Rivers
(Appendix 5).

Appendix 1
Laboratory procedure for the determination of percent silt-clay
The following outlines the laboratory procedure used to determine the percent silt-clay of
channel bank samples and a small number of fine-grained channel bed samples. Channel
bed samples largely consisting of material coarser than silt grade were mechanically
sieved (Appendix 2) and the percent silt-clay obtained by calculating the proportion of
material passing the 63 jim sieve.
1./ Visible organics (e.g. leaves, twigs, bark) were removed from the samples with the
aid of tweezers. Samples containing large amounts of visible organics were rinsed in
distilled water and any suspended organics carefully decanted.
2./ The samples were gently ground with a mortar and pestle, allowed to air dry and
weighed using an electronic balance.
3./ Colloidal organics were removed using hydrogen peroxide (H2O2) as an oxidising
agent. Gale and Hoare (1991, p.95) reconmiend a 30% (v:v) solution and ethanol to
calm the reaction. For the samples analysed here, 150 ml of H2O2 of this concentration
was slowly added to each sample and capryl alcohol used as an alternative to calm the
reaction. Samples were slowly heated on a hot plate to speed up the reaction. For the
samples analysed, carbonates were largely absent and hence it was not necessary to treat
the samples with dilute hydrochloric acid prior to the removal of the colloidal organics.
4./150 ml of dispersing solution was added to the samples to break the electrical bonding
between the clay particles. Gale and Hoare (1991, p.42, 90) recommend using a 0.5%
(w:v) solution of sodium hexametaphosphate (calgon) as a dispersing agent and this was
followed here.
5./ The samples containing the dispersing solution were mechanically stirred by using an
electrical mixer. Whalley (1990, p. 115) cautions against the use of the 'milk shake'
mixer type of sample dispenser as considerable attrition of sandy particles may result; in
such instances samples are best dispersed by immersion in an ultrasonic bath. Attrition
of sandy particles was not considered a problem for the samples analysed here and
ultrasonic dispersion was not necessary.
67 The samples were immediately transferred from the mechanical mixer and passed
through separate 63 |Lim sieves. Prior to this, the sieves were throughly wetted on both

sides on both sides with distilled water to enable the silts and clays in the sediment
mixture to pass through easily. Containers used during mechanical mixing were
throughly rinsed with distilled water and any remaining sediment passed through the
sieves. The silts and clays passing the 63 jim sieve were allowed to run to waste. The
material remaining on the sieves after the majority of silts and clays had passed through
was throughly rinsed with either dispersing solution or distilled water to remove any silts
or clays adhering to the coarser particles.
7./ The sieves holding the remaining sediment were allowed to air dry. Taking care not
to spill any of the sediment retained, each sieve was thoroughly agitated by hand to
remove any fme sediment adhering to the underside.
8./ Each sieve was carefully cleaned with the aid of a fine brush and using a clean sheet
of paper the remaining particles were transferred to containers for weighing. The
particles of sand grade and coarser were weighed using an electronic balance and
calculated as a percentage of the initial sample mass (see step 2 above). This percentage
was subtracted from 100 to give the percentage of silt-clay in the initial sample.
9./ In the instances where it was suspected that wet sieving had failed to remove all the
silts and clays, the remaining sample was dry sieved through the full range of sieves
(Appendix 2). Any material pasing the 63 |im sieve was subtracted from the weight
determined in step 8 and the percentage of silt-clay recalculated. In the samples analysed,
such instances were rare and were largely restricted to samples with a high percentage of
silt-clay.
The use of 63 ¡im as the boundary between sand and silt-clay in this study closely
follows the Udden (1914) and Wentworth (1922) particle size classification scheme
where the boundary is given as 62.5 jim (Folk, 1974, p.25; Gale and Hoare, 1991, p.589). It should be noted, however, that some authors and particle size classifications have
used a different boundary to separate sand from silt-clay. For instance, Burmister
(1952), Schümm (1961b, p.33) and Taylor (1976) selected 74 |im as the boundary
whereas Dunn (1959) defined silt-clay as sediment finer than 60 |im. In practice, very
little difference would result from the use of 60 |Lim or 63 jim as the boundary between
sand and silt-clay. The Australian Standard (AS 1289.0, 1991, p.D6) defines silt as
particles between the sizes 60 |im and 2 |im but states that, for practical purposes, an AS
1152 75 |J.m sieve can be used to separate the silt from the coarser fractions. In this
study, however, comparison of analyses on a few bank samples using both 75 |im and
63 |im sieves showed that the percent silt-clay obtained by using a 75 |im sieve was
generally higher by around 5% and up to 10% higher in the case of some very fine-

grained samples. Hence, these potential differences should be borne in mind when
comparing the results of this study with those where a different boundary has been used.

Appendix 2
Laboratory procedure for size analysis by mechanical sieving
The following outlines the laboratory procedure used to determine the grain size
distribution of sediment samples largely consisting of particles of sand grade and coarser.
1./ Samples were thoroughly air dried, for in order to obtain reliable results from dry
sieving, individual grains must be dry. If surface moisture is as little as 1% then
adhesion forces can overcome the weight of grains below 1 mm (Müller, 1967, cited in
Whalley, 1990). The dried samples were then weighed on an electronic balance.
2./ Sieving was conducted using a nest of 13 British Standard sieves graded at 0.5 phi
intervals. Apertures of the sieves used were as follows (in [im with nearest phi
equivalent): 4000 (-2 phi), 2800 (-1.5 phi), 2000 (-1 phi), 1400 (-0.5 phi), 1000 (0 phi),
710 (0.5 phi), 500 (1 phi), 355 (1.5 phi), 250 (2 phi), 180 (2.5 phi), 125 (3 phi), 90
(3.5 phi), 63 (4 phi). The latter aperture represents the boundary between sand and siltclay (Appendix 1). A retaining pan was placed beneath the nest of sieves, the dry
weighed sample was poured onto the largest sieve and a lid placed on top. The sieves
were then shaken for 15 minutes on an Endecotts Test Sieve Shaker.
3./ After the completion of sieving, the material remaining on each sieve and in the
retaining pan was collected for weighing on the electronic balance. British Standards
(BS 1377, 1975 - see also Whalley, 1990, p. 116) and Australian Standard
(AS1289.C6.1, 1977) both provide guidelines for the maximum mass of material to be
retained on sieves of different apertures at the completion of weighing. The apertures
cited were similar to those used here. In all the samples analysed here the mass on each
sieve fell well within the recommended limits.
4./ The mass of material retained on each sieve was calculated as a proportion of the
initial sample mass determined in step 1 and the resulting grain size curves derived. The
proportion of material passing through the 63 |im sieve to collect in the retaining pan
provided the percent silt-clay of the sample.

Appendix 3
Definition and calculation of morphometric and hydraulic parameters for
multiple channel (anabranching) reaches
The multiple channel (anabranching) reaches of the Bundey (Sandover-Bundey) and
Woodforde Rivers present a number of difficulties for the definition and calculation of
morphometric and hydrauhc parameters such as channel capacity, discharge, velocity and
stream power. New approaches to the description of these rivers are required. Surveyed
sections from typical reaches of the anabranching channels are illustrated in Figures la
and lb. The term channel-train applies to the entire complex of channels in the crosssection, whereas individual channels within the channel-train are numbered consecutively
from the left to the right bank. Channels are separated by in-channel ridges and islands.
The bankfull capacities of the individual channels are defined relative to the elevation of
the dividing ridges or islands (Figs, la, b) such that bankfull is exceeded when the ridges
and islands start to be inundated. Bankfull widths, depths, average flow velocity,
discharge and unit stream power for each individual channel have been calculated using
this definition of capacity. Examples of capacity and discharge estimations are shown in
Figures la and lb. Water surface slopes were determined from contour crossings on
1:100 000 topographic maps and Manning's n assumed to be 0.030 in each of the
channels at bankfull (see also Chapter 3). Data from all the surveyed cross-sections are
tabulated in Appendix 4.
The variable elevation of the ridges and islands means that bankfull stage for the
individual channels often varies widely across the channel-train (Figs.la, b). Hence,
bankfull widths, depths, average flow velocity, discharge and unit stream power for each
individual channel are not easily totalled or averaged across the channel-train. However,
the 'bankfull' capacity of the channel-train can be defined by projecting an imaginary
water line from one side of the channel-train to the other. The height of this water line
corresponds to the top of the highest ridge or island (Fig.la) and, in most instances,
closely matches the elevation of the floodplain at the margins of the channel-train. For
reaches where large, elevated, alluvial islands separate distinct 'belts' of channels within
the channel-train (Fig. lb), the capacity of each belt has been evaluated separately and
then combined to give the overall capacity of the channel-train.
Example of 'bankfull' capacity and discharge estimations for the channel-train are shown
in Figures la and lb and are also tabulated in Appendix 4. These estimates provide the
basis for comparison with the bankfull capacities and discharges of adjacent single

a.)

Woodforde River, XS1 (36 km downstream)

'BankfuU* of channel-train
Bankfull of individual channels

1
0

0

50 m
Channel 2:

' B a n k f u i r capacity of channel-train = 142.50 m^
' B a n k f u i r discharge of channel-train (where s = 0.0021, n= 0.04) = 141.86 m'/s

Bankfull capacity = 55.40 m^
Bankfull discharge (where s = 0.0021, n= 0.03) = 104.89 mVs

b.)

Bundey River, 'Atukera Bore' reach, X S 1 (114 km downstream)
'Bankfull' of channel-behs
Banicfull of individual channels

Channel-train
Channel-belt 2

Channel-belt 1

2-1

0
0

—I
100 m

Channel 14:

' B a n k f u i r capacity of channel-belt 1 = 387.10 m^
' B a n k f u i r capacity of channel-belt 2 = 280.90 m^

Bankfull capacity = 28.00 m^

' B a n k f u i r capacity of channel-belt 3 = 92.10 m '

Bankfull discharge (where s = 0.0011, n= 0.03) = 34.37 m ' / s

(Total = 760.10 m')
' B a n k f u i r discharge of channel-belt 1 (where s = 0.0011, n= 0.045) = 263.98 m'/s
' B a n k f u i r discharge of channel-belt 2 (where s = 0.0011, n= 0.045) = 259.09 m'/s
•Bankfuir discharge of channel-belt 3 (where s = 0.0011, n= 0.045) = 69.68 m ' / s
(Total = 592.75 m'/s)

Figure 1 Surveyed sections and examples of channel capacity and discharge estimations for anabranching reaches of the Woodfoide and Bundey Rivers. Individual channels
within the channel-train are numbered consecutively from the left to the right bank.

CX)

channel sections. Calculations of 'bankfull' discharge have been made on the
assumption that, as stage rises and the dividing ridges and islands are drowned, the
channel-train, or the channel belts within, represent single channels. Calculations were
made using water surface slopes determined from contour crossings on 1:100 000
topographic maps, and assume an average Manning's n for the entire channel-train of
between 0.035 and 0.045. The value of Manning's n adopted is mainly dependent on the
nature and density of vegetation colonising the ridges and islands, as assessed in the field
(see Chapter 3). Given the present theoretical analysis of roughness, neglecting as it
does effects such as the growth of in-channel trees and roughening of the bed by scour
phenomenon (Graeme and Dunkerley, 1993, p. 150), there is little advantage in
partitioning the channel-train in order to assign different values of Manning's n to the
individual channels and to the ridges and islands.
Clearly, the hydraulic characteristics of the individual channels and the adjacent
'overbank' flow areas (such as the tops of ridges, islands or adjoining floodplains) will
vary considerably during large flood flows. For instance, mean velocities in the channels
will be relatively high, as a result of the relatively large flow depths and limited flow
resistance, whereas mean velocities in the overbank areas will be relatively low, as a
result of lower flow depths and greater flow resistance provided by the colonising
vegetation. Consequently, significant differences may exist between local mean
velocities and the overall mean velocity of the channel-train, determined by dividing the
total discharge by the total cross-sectional area of flow. Similarly, unit stream powers
will vary widely across the channel-train due to the different depths and widths of the
channels. Hence, velocities and unit stream powers cannot be averaged across the
channel-train in any meaningful sense. Although the values for the individual channels
indicate the range or maximum values of bankfull velocity and unit stream power that are
attained (Appendix 4), as they only pertain to a limited part of the overall channel-train,
they are not directly comparable with the values derived for adjacent single channel
reaches. Comparison of parameters such as velocity and unit stream power between
multiple channel and adjacent single channel reaches can only be made for a given
discharge.

Appendix 4
Morphometric and hydraulic data for surveyed cross-sections from the
Sandover, Bundey and Woodforde Rivers
This appendix includes the basic morphometric and hydraulic data calculated from
surveyed cross-sections in the upland, piedmont, lowland and floodout zones of the
Sandover, Bundey and Woodforde Rivers. Values given (channel cross-sectional area,
channel width, average depth, width-average depth ratio. Manning's n, slope, discharge,
velocity and unit stream power) are for bankfull flow conditions. Values given are
correct to 2 decimal places; rounding errors may mean there are slight discrepancies
between primary values (such as area and width) and derived values (such as average
depth). Methods used in the derivation and calculation of the various parameters are
outlined in Chapter 3 and Appendix 3 provides further details with regards to the
definition and calculation of morphometric and hydraulic parameters in the multiple
channel (anabranching) reaches of the Bundey (Sandover-Bundey) and Woodforde
Rivers. Downstream trends in morphometric and hydrauhc parameters are discussed in
Chapter 4.

SANDOVER RIVER
Ref.

Area (m^) Width (m) Av. depth
(m)

'Headwater'
XSl:
XS2:
XS3:

W/av. D
ratio

Manning's
n

reach (unnamed tributary) (9.5-10.5 km downstream)
23.00
43.90
0.52
84.42
0.04
13.50
26.68
0.51
52.31
0.04
21.30
29.90
0.71
42.11
0.04

'Gem Tree' reach (Gillen Creek) (55-56 km downstream)
XSl:
(Main
49.70
38.18
1.30
29.37
channel)
(Back
channel)

Slope

Discharge
(m-Vs)

Velocity
(m/s)

Unit
stream
power
(W/m2)

0.0038
0.0038
0.0038

22.63
12.93
25.38

0.98
0.96
1.19

19.59
18.42
32.26

0.03

0.0017

77.99

1.57

34.73

4.50

14.04

0.32

43.88

0.03

0.0017

2.83

0.63

3.43

Main
channel
Back
channel

26.00

22.16

1.17

18.94

0.03

0.0017

37.15

1.43

28.50

24.20

39.04

0.62

62.97

0.03

0.0017

23.66

0.98

10.30

XS3:

259.10

171.39

1.51

113.50

0.035

0.0017

398.18

1.54

39.50

0.03
0.03
0.03

0.0014
0.0014
0.0014

410.75
343.08
401.23

1.61
1.54
1.63

33.40
29.99
34.89

'Waite' reach (Sandover River) (138.5-139.5 km downstream)
XSl:
cl
111.20
129.18
0.86
150.21
0.025
c2
291.60
276.87
1.05
263.69
0.025
XS2:
339.10
275.69
1.23
224.14
0.025
XS3:
317.90
1.20
219.90
0.025
263.88

0.0011
0.0011
0.0011
0.0011

132.38
399.64
513.64
473.60

1.19
1.37
1.51
1.49

1 1.27
15.88
20.49
19.74

'Government Bore' reach (191.5-192.5 km downstream)
47.88
0.025
XSl:
419.40
141.73
2.96
60.08
0.025
XS2:
352.40
145.4
2.42
81.36
0.025
XS3:
404.60
181.43
2.23

0.0008
0.0008
0.0008

951.58
704.72
769.61

2.27
2.00
1.90

53.71
38.77
33.94

'Corella Bore' reach (248-249 km downstream)
108.80
1.27
138.17
XSl:
175.80
65.05
1.99
129.45
XS2:
257.20
55.27
1.75
96.73
XS3:
169.40

0.035
0.035
0.035

0.0008
0.0008
0.0008

164.86
322.20
194.23

0.94
1.25
1.15

9.55
19.91
16.06

XS2:

'Alcoota' reach (Waite
XSl:
255.90
XS2:
223.00
XS3:
245.50

River) (87-88 km downstream)
172.18
1.49
115.56
160.16
1.39
115.22
160.99
1.52
105.91

Sandover River at Ammaroo
XSC (264 km downstream)
138.90
348.10

2.51

55.34

0.03

0.0008

591.57

1.70

34.07

X S D (269.5 km downstream)
mam
315.83
498.10

1.58

199.89

0.03

0.0008

631.67

1.27

16.00

channel
minor
channel
minor
channel

58.50

117.64

0.50

235.28

0.035

0.0008

29.38

0.50

2.00

5.90

21.25

0.28

75.89

0.035

0.0008

1.99

0.34

0.75

XSE (270.5 km downstream)
856.10
532.03

1.61

330.45

0.045

0.0008

736.10

0.86

1 1.07

X S l (272.5 km downstream)
525.60
228.17

2.30

99.20

0.04

0.0009

678.87

1.29

26.78

XS2 (273.5 km downstream)
98.69
398.50

2.01

98.85

0.035

0.0009

536.78

1.35

24.31

XS3 (274.5 km downstream)
cl
c2

456.00
179.20

263.84
147.99

1.73
1.21

152.51
122.31

0.03
0.03

0.0009
0.0009

652.07
201.23

1.43
1.12

22.24
12.24

XS4 (275.5 km downstream)
461.00
283.08

1.63

173.67

0.03

0.0009

633.26

1.37

20.13

XS5 (276.5 km downstream)
456.80

254.41

1.80

141.34

0.03

0.0009

668.41

1.46

23.65

33.QO

31.45

1.05

29.95

0.03

0.0009

32.56

0.99

9.32

XS6 (277.5 km downstream)
344.80
100.68

3.42

29.44

0.03

0.0014

935.79

2.71

130.13

XS7 (278.5 km downstream)
529.30
368.64

1.44

256.00

0.03

0.0009

668.69

1.26

16.33

XS8 (279.5 km downstream)
255.50
166.02

1.54

107.81

0.03

0.0009

336.29

1.32

18.23

XS9 (280 km downstream)
187.40
132.1 1

1.42

93.04

0.03

0.0009

233.41

1.25

15.90

X S I O (280.5 km downstream)
68.20
62.15

1.10

56.50

0.03

0.0009

70.90

1.04

10.27

X S l l (281 km downstream)
5.60
22.56

0.25

90.24

0.03

0.0009

2.16

0.39

0.86

channel
minor
channel

BUNDEY RIVER
Ref.

Area (m^) Width (m) Av. depth
(m)

'Root Bore'
XSl:
XS2:
XS3:
cl
c2

reach (24-25 km downstream)
1.16
67.80
58.68
49.80
44.85
1.11

W/av. D Manning's
n
ratio

Slope

Discharge Velocity
(m-Vs)
(m/s)

Unit
stream
power
(W/m^)

50.59
40.41

0.035
0.035

0.0025
0.0025

103.84
73.96

1.53
1.49

44.24
41.23

19.49
38.26

0.035
0.035

0.0025
0.0025

82.02
22.76

1.78
1.12

68.30
20.37

'Little Bundey ' reach (70-71 km downstream)
100.90
63.33
XSl:
79.80
1.26

0.035

0.001

104.65

1.04

13.11

XS2:
cl
c2-5
overall
c2
c3
c4
c5

46.10
20.40

30.02
27.93

1.54
0.73

99.70
126.80

44.93
113.02

2.22
1.12

20.24
100.91

0.035
0.04

0.001
0.001

143.94
106.82

1.44

32.04

60.20
8.60
1.80
2.40

49.90
11.65
6.68
5.44

1.21
0.74
0.27
0.44

41.24
15.74
24.74
12.36

0.035
0.035
0.035
0.035

0.001
0.001
0.001
0.001

59.70
5.83
0.65
1.14

0.99
0.68
0.36
0.48

1 1.96
5.00
0.97
2.10

166.00

188.07

0.88

213.72

0.04

0.001

119.60

Overali

102.10

119.32

0.86

138.74

0.04

0.001

71.86

c3-c6
cl
c2
c3
c4
c5
c6

78.50
60.50
3.80
14.10
5.70
1.70

1 15.78
49.65
16.44
25.74
18.38
4.84

0.68
1.22
0.23
0.55
0.31
0.35

170.26
40.70
71.48
46.80
59.29
13.83

0.035
0.035
0.035
0.035
0.035
0.035

0.001
0.001
0.001
0.001
0.001
0.001

54.31
60.35
1.25
8.34
2.31
0.70

0.69
1.00
0.33
0.59
0.41
0.41

4.69
12.16
0.76
3.24
1.26
1.45

45.12
64.29
50.77

0.03
0.03
0.03

0.0017
0.0017
0.0017

867.44
506.21
722.96

2.60
2.09
2.42

120.16
69.00
99.62

0.045
0.045
0.045
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.045

0.0011
0.0011
0.0011
0.001 1
0.0011
0.0011
0.0011
0.0011
0.0011
0.001 1
0.001 1
0.0011
0.0011
0.0011
0.0011
0.0011
0.001 1
0.001 1
0.0011

263.98
259.09
69.68
43.58
10.96
4.74
1.74
3.70
10.72
3.80
2.72
2.54
0.59
5.79
104.70
1 1.99
8.99
34.37
1.86

0.87
0.63
0.69
0.53
0.65
0.87
0.76
0.49
0.59
0.33
0.72
1.54
0.77
0.58
1.23
0.38

6.89
3.02
4.00
2.03
3.51
7.37
5.66
1.69
2.79
0.58
4.57
30.35
5.17
2.46
17.75
1.63

XS3:
Overall

cl-c2

'No.l Bore' reach (90-91 km downstream)
2.72
122.72
333.80
XSl:
1.94
124.72
241.80
XS2:
2.43
123.37
299.30
XS3:

'Atukera Bore' reach (114-115 km downstream)
XSl:
0.89
486.85
433.30
387.10
Belt 1
139.70
1.42
198.37
280.90
Belt 2
80.69
86.34
1.07
92.10
Belt 3
0.72
96.65
69.59
50.00
da
0.44
90.59
39.86
17.40
db
24.60
13.04
0.53
6.90
c2
27.00
0.35
9.45
3.30
c3
23.67
0.49
11.60
5.70
c4
20.79
0.77
16.01
12.30
c5
10.85
0.68
7.38
5.00
c6
57.19
0.31
17.73
5.50
c7
23.33
0.43
10.03
4.30
c8
70.19
0.16
11.23
1.80
c9
24.47
0.57
13.95
8.00
clO
21.20
1.79
37.95
68.10
dl
0.61
41.80
25.50
15.60
cl2
103.03
0.39
40.18
15.50
cl3
1.31
16.26
21.30
28.00
d4
0.39
32.26
12.58
4.90
cl5

XS2:

100.60

143.54

0.70

205.06

0.045

0.0011

57.90

235.30

199.24

1.18

168.85

0.045

0.0011

192.56

145.00
284.80
160.90
26.60
14.50
20.10
16.70
8.60
11.30
25.30
8.90
1.70
7.70
4.50
2.20
4.80
2.60
100.60

106.86
159.53
93.57
26.78
17.44
19.71
32.28
10.86
16.79
27.09
11.38
5.86
9.50
15.22
6.57
10.82
19.57
143.54

1.36
1.79
1.72
0.99
0.83
1.02
0.52
0.79
0.67
0.93
0.78
0.29
0.81
0.30
0.33
0.44
0.13
0.70

78.57
89.12
54.40
27.05
21.01
19.32
62.08
13.75
25.06
29.13
14.59
20.21
11.73
50.73
19.91
24.59
150.54
205.06

0.045
0.045
0.045
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.001 1

128.60
304.82
166.26
27.82
13.35
21.02
11.63
7.42
9.08
25.49
7.68
0.77
6.65
2.13
1.09
2.93
0.74
86.84

1.05
0.92
1.05
0.70
0.86
0.80
1.01
0.86
0.45
0.86
0.47
0.50
0.61
0.28
0.86

1 1.43
8.42
1 1.73
3.96
7.52
5.95
10.35
7.42
1.45
7.70
1.54
1.82
2.98
0.42
6.65

299.70
120.20
237.20
6.10
25.90
203.20
24.90
19.50
3.20
6.10
0.60
76.20
36.70
8.50
6.00
3.40
5.20
1.10
3.30
15.60
26.40
20.30

283.65
124.36
143.98
20.46
31.66
111.18
26.63
24.19
6.28
20.46
3.34
55.92
37.27
11.80
11.59
13.06
12.62
8.68
17.42
25.90
52.92
39.90

1.06
0.97
1.65
0.30
0.82
1.83
0.94
0.81
0.51
0.30
0.18
1.36
0.98
0.72
0.52
0.26
0.41
0.13
0.19
0.60
0.50
0.51

267.59
128.21
87.26
68.20
38.61
60.75
28.33
29.86
12.31
68.20
18.56
41.12
38.03
16.39
22.29
50.23
30.78
66.77
91.68
43.17
105.84
78.24

0.045
0.045
0.045
0.045
0.045
0.045
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

0.0011
0.0011
0.0011
0.001 1
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.001 1
0.0011
0.001 1
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.0011
0.001 1

228.19
85.61
240.15
1.97
16.18
219.14
25.09
17.95
2.05
2.95
0.20
100.34
38.93
6.98
4.07
1.49
3.07
0.30
1.21
11.99
18.14
14.14

1.01
0.92
0.64
0.48
0.33
1.32
1.06
0.82
0.68
0.44
0.59
0.27
0.37
0.77
0.69
0.70

10.36
8.16
3.59
1.59
0.66
19.74
11.49
6.51
3.86
1.25
2.68
0.38
0.76
5.09
3.77
3.90

'Derrv Downs' reach (144-145 km downstream)
XSl:
Overall
1.74
243.52
423.72
737.00
0.10
29.90
2.99
0.30
c3
0.54
46.57
25.15
13.70
c4
0.26
91.65
23.83
6.20
c5
270.46
0.13
35.16
4.50
c6
82.22
0.63
51.80
32.60
cl
0.29
55.21
16.01
4.70
c8
71.69
0.39
27.96
11.00
c9
0.32
53.81
17.22
5.50
clO
0.74
60.49
44.76
32.90
cll
0.67
76.99
51.58
34.80
cl2
0.29
33.55
9.73
2.80
cl3

0.045
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007

624.46
0.05
7.81
2.17
1.02
20.68
1.77
5.09
2.22
23.09
23.26
1.03

0.17
0.57
0.35
0.23
0.63
0.38
0.46
0.40
0.70
0.67
0.37

0.12
2.17
0.64
0.20
2.79
0.77
1.27
0.90
3.61
3.16
0.74

0.19

0.13

Belt 1
1i.n.h
Belt 1
rh
i.n.
Belt 2
Belt 3
Belt 4
cl
c2
c3
c4
c5
c6
c7
c8
c9
clO
cll
cl2
cl3
cl4
cl5
XS3:
Belt 1
Belt 2
Belt 3
Belt 4
Belt 5
cl
c2
c3
c4
c5
c6
cl
c8
c9
clO
cll
cl2
cl3
cl4a
cl4b
cl4c

XS2:
Belt la
Belt
lb,2,3
Belt 4
cl

O.OOII

44.90
331.10

89.59
285.69

0.50
1.16

179.18
246.28

0.045
0.045

0.0007
0.0007

16.63
213.68

338.20
1.50

192.07
15.09

1.76
0.10

109.13
150.90

0.045
0.03

0.0007
0.0007

286.55
0.29

42

c2
c3
c4
c5

c6
c7a
c7b
c8
c9
c9
clO
XS3:
Belt 1
Belt 2
Swale
cl
c2
c3
c4
c5
c6
c7
c8
c9
clO
cll
cl2

6.10
20.00
33.90
10.30
10.60
0.90
49.00
7.90
22.60
4.20
8.70

13.38
27.33
49.41
17.31
19.28
5.95
61.28
19.71
46.84
21.77
21.99

0.46
0.73
0.69
0.60
0.55
0.15
0.80
0.40
0.48
0.19
0.40

29.09
37.44
71.61
28.85
35.05
39.67
76.60
49.28
97.58
114.58
54.98

0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007

3.06
13.77
22.89
6.17
6.05
0.21
36.62
3.72
12.05
1.22
4.03

0.50
0.69
0.68
0.60
0.57
0.23
0.75
0.47
0.53
0.29
0.46

1.60
3.53
3.24
2.50
2.20
0.25
4.18
1.32
1.80
0.39
1.28

365.30
378.40
10.80
25.90
12.70
21.30
0.60
39.30
5.80
31.20
8.20
3.10
7.60
infilled
2.30

301.51
237.89
27.35
24.27
15.92
25.28
5.83
43.54
22.63
44.41
15.55
12.15
10.84

1.21
1.59
0.39
1.07
0.80
0.84
0.10
0.90
0.26
0.70
0.53
0.26
0.70

249.18
149.62
70.13
22.68
19.90
30.10
58.30
48.38
87.04
63.44
29.34
46.73
15.49

0.045
0.045
0.045
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007
0.0007

242.53
300.53
3.33
22.54
9.00
16.05
0.11
31.59
2.03
21.28
4.49
1.06
4.87

0.31
0.87
0.71
0.75
0.18
0.80
0.35
0.68
0.55
0.34
0.64

0.85
6.50
3.96
4.44
0.13
5.08
0.63
3.35
2.02
0.61
3.14

7.57

0.30

25.23

0.03

0.0007

0.87

0.38

0.80

140.50
128.07
1 18.71

0.025
0.025
0.025

0.0008
0.0008
0.0008

275.53
237.45
225.50

1.29
1.27
1.28

12.75
12.26
12.46

0.04
0.03

0.0005
0.0005

206.16
3.25

0.41

0.89

0.03
0.03
0.03

0.0005
0.0005
0.0005

7.70
12.81
37.10

0.54
0.61
0.69

1.79
2.38
3.16

'Bundey' reach (189-190 km downstream)
172.82
1.23
XSl:
213.30
1.21
154.96
XS2:
186.90
1.22
176.50
144.83
XS3:

'Araanara Creek' reach (204.5-205.5 km downstream)
XSl:
overall
189.41
0.32
591.91
282.70
42.40
18.23
0.43
7.90
Cl
infilled
c2
32.58
0.66
21.50
14.20
c3
34.47
0.78
26.89
c4
21.00
63.85
58.74
0.92
53.80
c5
infilled
c6
XS2:
overall

198.90
20.50
5.90
5.30
13.00
18.50

185.32
22.63
21.01
24.56
23.78
42.98

1.07
0.91
0.28
0.22
0.55
0.43

173.20
24.87
75.04
111.64
43.24
99.95

0.04
0.03
0.03
0.03
0.03
0.03

0.0005
0.0005
0.0005
0.0005
0.0005
0.0005

115.59
13.60
1.84
1.40
6.27
7.73

0.66
0.31
0.26
0.48
0.42

3.00
0.44
0.29
1.32
0.90

283.80
53.30
53.90
8.70
42.30
4.70
17.60

214.40
26.37
37.21
17.02
57.75
21.23
38.33

1.32
2.02
1.45
0.51
0.73
0.22
0.46

162.42
13.05
25.66
33.37
79.11
96.50
83.33

0.04
0.03
0.03
0.03
0.03
0.03
0.03

0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005

189.94
57.69
48.83
3.98
25.09
1.28
7.70

1.08
0.91
0.46
0.59
0.27
0.44

10.94
6.56
1.17
2.17
0.30
1.00

'Hiahwav' reach (236.5-237.5 km downstream)
57.52
2.30
132.29
304.00
XSl:
94.84
1.66
157.44
261.70
XS2:
96.66
1.58
152.72
240.60
XS3:

0.025
0.025
0.025

0.0006
0.0006
0.0006

506.89
355.14
314.37

1.67
1.36
1.31

22.99
13.53
12.35

cl
c2
c3
c4
c5
XS3:
overall
cl
c2
c3
c4
c5
c6

Ref.

Area (m-^) Width (m) Av. depth
(m)

Sandover-Bundey River at Ooratippra
X S l (257 km downstream)
Overall
855.50
395.99
2.16
cl
190.40
135.85
1.40
c2
34.80
38.52
0.90
c3
14.20
30.91
0.46
c4
27.84
14.70
0.53
c5
2.00
14.45
0.14
c6
4.20
0.24
17.15
X S 2 (258.2 km downstream)
overall
348.54
735.70

W/av. D M a n n i n g ' s
ratio
n

Slope

Discharge
(m-Vs)

Velocity
(m/s)

Unit
stream
power
(W/m2)

183.33
97.04
42.80
67.20
52.53
103.21
71.46

0.045
0.03
0.03
0.03
0.03
0.03
0.03

0.0006
0.0006
0.0006
0.0006
0.0006
0.0006
0.0006

773.32
191.76
25.70
6.81
7.66
0.44
1.32

1.01
0.74
0.48
0.52
0.22
0.31

8.47
4.00
1.32
1.65
0.18
0.46

110.88
31.78
32.57
22.47

2.11
0.67
1.07
0.51
0.24

165.18
165.49
29.70
63.86
93.63

0.045
0.035
0.03
0.03
0.03

0.0006
0.0006
0.0006
0.0006
0.0006

654.63
39.31
27.76
8.59
1.70

0.53
0.82
0.51
0.31

2.13
5.24
1.58
0.45

XS3 (259.4 km downstream)
overall
1023.5
450.72
135.4
cl
77.32
c2/l
39.50
39.87
Zill
59.00
61.05

2.27
1.75
0.99
0.97

198.56
44.18
40.27
62.94

0.045
0.03
0.03
0.03

0.0006
0.0006
0.0006
0.0006

956.62
156.24
30.95
46.23

1.15
0.78
0.78

12.12
4.66
4.54

0.60

59.52

0.035

0.0006

10.37

cl
c2a
c2b
c2c

74.10
34.00
16.70
5.40

X S 4 (260.5
cl
overall
c2
overall
c2a
c2b
c2c
c2d

km downstream)
21.30
35.71
691.00

343.06

2.01

170.68

0.045

0.0006

595.08

17.90
60.60
9.10
39.20

46.70
45.16
18.78
39.06

0.38
1.34
0.48
1.00

122.89
33.70
39.13
39.06

0.03
0.03
0.03
0.03

0.0006
0.0006
0.0006
0.0006

7.67
58.03
4.43
30.93

0.43
0.96
0.49
0.79

0.99
7.71
1.42
4.75

X S 5 (261.5 km downstream)
overall
275.06
744.00
78.71
146.50
cl
31.10
36.20
c2
57.58
90.90
c3

2.70
1.86
1.16
1.58

101.87
42.32
26.81
36.44

0.045
0.03
0.03
0.03

0.0006
0.0006
0.0006
0.0006

775.53
175.69
31.11
97.26

1.20
0.86
1.07

13.39
6.00
10.13

XS6 (262 km downstream)
189.07
357.00
c l upper
65.01
165.80
c l lower
163.48
275.00
c2
overall
33.77
32.30
c2a
47.87
17.40
c2b

1.89
2.55
1.68

100.04
25.49
97.31

0.045
0.03
0.045

0.0006
0.0006
0.0006

292.85
239.96
209.02

1.45

22.15

0.96
0.36

35.18
132.97

0.03
0.03

0.0006
0.0006

24.77
7.19

0.77
0.41

4.40
0.90

X S 7 (262.5 km downstream)
overall
281.33
694.20
78.74
25.30
da
57.49
63.00
clb
84.30
165.50
c2

2.47
0.32
1.10
1.96

113.90
246.06
52.26
43.01

0.045
0.03
0.03
0.03

0.0006
0.0006
0.0006
0.0006

681.12
9.66
53.48
205.84

0.38
0.85
1.24

0.74
5.58
14.65

km downstream)
202.28
619.30
75.08
173.50
15.63
2.90
80.61
167.10

3.06
2.31
0.19
2.07

66.10
32.50
82.26
38.94

0.045
0.03
0.03
0.03

0.0006
0.0006
0.0006
0.0006

696.52
238.17
0.75
214.41

1.37
0.26
1.28

19.03
0.29
15.96

overall
cl
c2a
c2b

X S 9 (265 km downstream)
overall
5 7 8 50
232.04
cl
36L20
163.53
c2
1 18.30
64.07

2.49
2.21
1.85

93.19
74.00
34.63

0.04
0.035
0.03

0.0006
0.0006
0.0006

642.06
421.10
140.27

1.17
1.19

15.45
13.14

3.05

36.17

0.035

0.0021

893.64

2.66

170.12

1.92

209.78

0.04

0.0006

725.31

0.94

10.80

3.04

45.41

0.04

0.0014

800.97

1.91

81.22

1.64

199.17

0.035

0.0006

517.14

0.97

9.50

47.93

0.03

0.0006

492.67

1.51

23.63

57.92
82.83

0.03
0.03

0.0006
0.0006

126.38
163.87

1.03
1.01

8.97
8.48

30.03

0.03

0.0006

104.24

1.14

11.90

38.87

0.03

0.0006

52.19

0.90

6.60

13.98
25.25

0.03
0.03

0.0006
0.0006

66.28
34.77

1.19
0.90

14.22
6.66

25.20

0.03

0.0006

69.55

1.07

10.28

31.20

0.03

0.0006

1 1 1.61

59.50

0.03

0.0006

105.13

0.97

7.85

9.69

0.03

0.0006

52.93

1.19

15.32

0.88

14.65

0.03

0.0006

1.15

0.69

3.61

X S l 5 (Channel 1) (295 km downstream)
3.30
9.86
0.33

29.88

0.03

0.0006

1.23

0.37

0.75

X S I O (266.5 km downstream)
336.40

110.31

X S l l (267 k m downstream)
772.10

402.78

X S 1 2 (268 km downstream)
420.10

138.06

X S 1 3 (269 km downstream)
535.70
Channel

326.64

la+lb

X S 1 4 a (Channel 1) (269.8 km downstream)
326.70

125.09

2.61

X S l (Channel l a + l b ) (270 km downstream)
cla
clb

123.10
162.70

84.57
115.96

1.46
1.40

X S 2 (Channel l a ) (275 km downstream)
91.80

52.55

1.75

X S 3 (Channel l b ) (275.5 km downstream)
57.90

47.42

1.22

X S 4 (Channel l a + l b ) (278.5 km downstream)
cla
clb

55.90
38.80

27.96
31.31

2.00
1.24

X S 5 (Channel 1) (278.55 km downstream)
65.30

40.58

1.61

X S 1 9 (Channel 1) (282.5 km downstream)
97.50

55.23

1.77

1.14

12.12

X S 1 2 (Channel 1) (284.5 km downstream)
108.10

80.33

1.35

X S l l (Channel 1) (291.5 km down.stream)
44.30

20.73

2.14

X S l 3 (Channel 1) (293.5 km downstream)
1 1.30

12.89

X S l 4 b (269.8 km downstream)
202.70
1 13.06

1.79

63.16

0.03

0.0006

239.43

1.18

12.71

X S l 8 (274 km downstream)
16R.40
62.37

2.70

23.10

0.03

0.0006

251.92

1.50

24.23

X S 6 r781.5 km downstream)
QO 20
58.46

1.54

37.96

0.03

0.0006

95.22

1.06

9.77

2.08

14.42

0.03

0.0006

76.23

1.22

15.25

XS7

5 km downstream)
"6210
30^00

XS8 (286 km downstream)
98.86
62.33

1.59

39.20

0.03

0.0006

106.24

1.07

10.23

XS9 (292.5 km downstream)
59.00
46.42

1.27

36.55

0.03

0.0006

54.70

0.93

7.07

XSIO (294.5 km downstream)
29.10
27.08

1.07

25.31

0.03

0.0006

23.76

0.82

5.26

XS16 (299.5 km downstream)
21.30
34.83

0.61

57.10

0.03

0.0006

12.23

0.57

2.11

XS17 (300 km downstream)
11.02
cl
3.90
3.94
c2
1.20
1.10
7.29
c3
c4
11.70
16.93
16.84
c5
3.70

0.35
0.30
0.15
0.69
0.22

31.49
13.13
48.60
24.54
76.55

0.03
0.03
0.03
0.03
0.03

0.0006
0.0006
0.0006
0.0006
0.0006

1.52
0.40
0.24
7.09
1.07

0.39
0.33
0.22
0.61
0.29

0.83
0.61
0.20
2.51
0.38

WOODFORDE RIVER
Ref.

Area (m^) Width (m) Av. depth W/av. D Manning's
n
ratio
(m)

'Latente' reach (9-10
XSl:
18.90
XS2:
21.70
XS3:
21.70

km downstream)
24.30
0.78
18.87
1.15
19.23
1.13

Slope

Discharge Velocity
(m-Vs)" (m/s)

Unit
stream
power
(W/m-)

31.15
16.41
17.02

0.03
0.03
0.03

0.0025
0.0025
0.0025

25.54
36.89
36.41

1.35
1.70
1.68

26.28
48.87
47.33

incipient ridges' reach (23-24 km downstream)
XSl:
54.70
69.26
0.79
87.67
XS2:
64.80
51.62
1.26
40.97
XS3:
36.00
33.71
1.07
31.50

0.04
0.035
0.035

0.0031
0.0031
0.0031

63.96
116.41
57.27

1.17
1.80
1.59

28.63
69.91
52.67

Woodforde River below Kerosene
XSl (36 km downstream)
upper
272.30 204.15
lower
142.50 175.33
cl
14.60
15.37
c2
37.14
55.40
c3
3.20
7.53
c4
0.70
2.83
c5
3.60
8.26

Camp Creek junction
1.33
0.81
0.95
1.49
0.42
0.25
0.44

153.50
216.46
16.18
24.93
17.93
11.32
18.77

0.045
0.04
0.03
0.03
0.03
0.03
0.03

0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021

333.68
141.86
20.01
104.89
2.56
0.38
2.94

1.37
1.89
0.80
0.54
0.82

27.34
59.31
7.14
2.82
7.47

XS2 (37 km downstream)
upper
284.40 193.42
lower
133.90 165.33
32.24
cl
30.30
22.32
c2
21.00
6.76
c3
4.80

1.47
0.81
0.94
0.94
0.71

131.58
204.11
34.30
23.74
9.52

0.045
0.04
0.03
0.03
0.03

0.0021
0.0021
0.0021
0.0021
0.0021

371.03
132.20
42.82
29.23
5.16

1.41
1.39
1.08

27.89
27.50
16.03

XS3 (38 km downstream)
upper
403.10 287.59
lower
194.10 221.05
7.54
3.50
cl
30.85
25.30
c2
24.08
15.70
c3
23.62
6.60
c4
20.90
4.30
c5

1.40
0.88
0.46
0.82
0.65
0.28
0.21

205.42
251.19
16.39
37.62
37.05
84.36
99.52

0.045
0.04
0.03
0.03
0.03
0.03
0.03

0.0019
0.0019
0.0019
0.0019
0.0019
0.0019
0.0019

486.32
192.76
2.81
31.15
16.59
4.01
2.14

0.80
1.23
1.06
0.61
0.50

7.08
19.18
13.09
3.23
1.95

XS4 (39 km downstream)
382.80 252.88
upper
142.40 179.01
lower
22.71
22.40
cl
21.83
22.70
c2
19.50
19.10
c3
17.43
15.10
c4
1 1.63
1.90
c5

1.51
0.80
0.99
1.04
0.98
0.87
0.16

167.47
223.76
22.94
20.99
19.90
20.03
72.69

0.045
0.04
0.03
0.03
0.03
0.03
0.03

0.0019
0.0019
0.0019
0.0019
0.0019
0.0019
0.0019

485.88
132.61
30.56
31.87
25.68
18.75
0.81

1.36
1.40
1.34
1.24
0.43

25.57
27.74
25.02
20.44
1.32

XS5 (40 km downstream)
324.90 204.87
upper
123.44
91.40
lower
29.23
25.80
cl
12.38
5.50
c2
26.56
10.40
c3
7.98
3.30
c4
22.32
6.50
c5

1.59
0.74
0.88
0.44
0.39
0.41
0.29

128.85
166.81
33.22
28.14
68.10
19.46
76.97

0.045
0.04
0.03
0.03
0.03
0.03
0.03

0.0019
0.0019
0.0019
0.0019
0.0019
0.0019
0.0019

423.32
80.75
33.11
4.41
7.93
2.52
4.04

1.28
0.80
0.76
0.76
0.62

21.52
6.77
5.67
6.00
3.44

XS6 (41 km downstream)
upper
180.81
313.70
lower
110.53
95.70
cla
6.70
1.80
clb
8.89
3.60
clc
7.05
2.00
c2a
43.77
51.10
15.75
c2b
16.30

1.73
0.87
0.27
0.40
0.28
1.17
1.03

104.51
127.05
24.81
22.23
25.18
37.41
15.29

0.045
0.04
0.03
0.03
0.03
0.03
0.03

0.0019
0.0019
0.0019
0.0019
0.0019
0.0019
0.0019

432.82
93.58
1.04
2.70
1.18
79.60
22.40

0.58
0.75
0.59
1.56
1.37

2.95
5.77
3.18
34.55
27.02

XS7 (42 km downstream)
139.78
upper
270.20
lower
107.90
115.92
cla
6.00
39.77
clb
2.50
8.47
c2a
3.50
7.95
c2b
3.30
11.36
24.10
36.22
c3

1.93
0.93
0.15
0.30
0.44
0.29
0.67

72.43
124.65
265.13
28.23
18.07
39.17
54.06

0.045
0.04
0.03
0.03
0.03
0.03
0.03

0.0019
0.0019
0.0019
0.0019
0.0019
0.0019
0.0019

398.68
111.22
2.46
1.55
2.76
2.05
26.01

0.41
0.62
0.79
0.62
1.08

1.18
3.48
6.60
3.43
13.64

XS8 (43 km downstream)
upper
170.67
304.00
lower
115.70
127.68
12.80
20.05
cl
c2a
5.40
31.70
11.90
29.67
c2b
c3
13.00
19.57

1.78
0.91
0.64
0.17
0.40
0.66

95.88
140.31
31.33
186.47
74.18
29.65

0.045
0.04
0.03
0.03
0.03
0.03

0.0019
0.0019
0.0019
0.0019
0.0019
0.0019

426.00
116.66
13.23
2.41
9.23
13.73

1.03
0.45
0.78
1.06

12.54
1.44
5.91
13.33

XS9 (44 km downstream)
110.22
upper
226.80
77.64
lower
74.90

2.06
0.96

53.50
80.88

0.045
0.035

0.0019
0.0019

346.40
89.51

XSIO (45 km downstream)
199.10
112.56
upper
78.10
83.37
lower

1.77
0.94

63.59
88.69

0.04
0.03

0.0019
0.0019

310.26
107.34

1.55
1.37

52.37
24.46

XSl 1 (47 km downstream)
118.50
64.69

1.83

35.35

0.03

0.0014

212.99

1.80

46.09

XS12B (49 km downstream)
71.06
93.80

1.32

53.83

0.03

0.0014

137.20

1.46

27.03

X S l 3 (51 km downstream)
62.14
100.40

1.62

38.36

0.03

0.0014

166.99

1.66

37.62

XS14 (53 km downstream)
41.58
56.10

1.35

30.80

0.03

0.0014

82.06

1.46

27.63

XS15 (55 km downstream)
51.50
41.49

1.24

33.46

0.03

0.0014

71.32

1.38

24.07

XS16 (57 km downstream)
26.20
30.94

0.85

36.40

0.03

0.0014

28.16

.07

12.74

XS17 (58 km downstream)
14.20
18.17

0.78

23.29

0.03

0.0014

14.23

1.00

10.96

XS18 (58.5 km downstream)
6.10
15.39

0.40

38.48

0.03

0.0014

3.99

0.65

3.63

Appendix 5
Calculation of the former discharges of the Sandover, Bundey and
Woodforde Rivers
Graf (1988a, p. 199) provides a summary table of empirical relationships describing
meandering stream geometry, including several examples of relations established between
meander wavelength and bankfull discharge. Although many of these relationships have
been mainly derived from humid environments and have not necessarily been tested for
sand-bed, ephemeral rivers (Graf, 1988a), they nevertheless provide the only possible
means of reconstructing the late Pleistocene discharges of the Sandover, Bundey and
Woodforde Rivers in the reaches where meanders are formed in the terrace alluvium.
Grafs (1988a) summary table provides three examples of relations between meander
wavelength and bankfull discharge: that of Inglis (1949), Agarwal (1983) (both originally
cited in Garde and Ranga Raju, 1977, p.460) and Dury (1976, modified by Williams,
1984). Although neither Garde and Ranga Raju (1977) nor Graf (1988a) provide many
details as to the characteristics of the rivers from which Inglis' and Agarwal's data are
derived, Graf (1988a) suggests that Agarwal's (1983) relationship is most likely to be
applicable to dryland rivers. However, the formula by Agarwal presented in Graf's table
only applies to bankfull discharges of <9 mVs. Reference to Garde and Ranga Raju
(1977, p.460) shows that Agarwal (1983) also provides a formula for bankfull
discharges of >9 mVs. The three relationships are:
Ml = 53.6 Q ' '
Ml = 59 Q ' ' '
Ml = 11.55 Q ®''

(Inglis, 1949)
(Dury, 1976)
(Agarwal, 1983, Q>9 mVs)

where Ml = meander wavelength (m)
and Q = bankfull discharge (m'Vs)
As presented, the formulae show Q as the independent variable, although this is usually
the variable to be estimated. It is often common practice to rearrange the formula and
solve for Q, but this procedure constitutes a misuse of regression and introduces
unnecessary and potentially large additional error (Williams, 1983, 1984). Instead, if Q
is the variable to be estimated, a new regression should be run on the basic data, with Q
as the dependent variable. In the absence of the basic data on which the above formula
are based, however, this problem is not easily resolved.

Figure 1 illustrates the meander wavelength-discharge relationship described by the above
three equations.

Inglis' (1949) and Dury's (1976) formulae provide very similar

estimates of meander wavelength for a given discharge, while Agarwal's (1983) formula
provides considerably higher estimates, particularly towards for discharges >1000 mVs.
Figure 1 can also be interpreted to indicate the former bankfull discharges for reaches of
the Sandover, Bundey and Woodforde Rivers where meanders are formed in the
indurated, terrace alluvium. For example, in the 49-51 km long reach of the Sandover
River from No.7 Bore to Corella Bore, the river is flanked by indurated red alluvial
terraces and the average meander wavelength is 4670 m. From Figure 1 this indicates a
former bankfull discharge of -3000 mVs using Agarwal's fonnula and -7500-9000 mVs
using Inglis' and Dury's formulae. These figures are around 8-40 times higher than the
bankfull discharge of the modern Sandover River through this reach, as estimated by the
Manning equation. Similar results are obtained by estimating former discharges of the
Sandover-Bundey and Woodforde Rivers using the meander wavelengths in terraced
reaches: the formulae indicate former bankfull discharges typically 10 times and
sometimes 50 times that of the modem rivers.
The unrealistically high values of discharge calculated for the former channels from the
wavelength-discharge relationships is probably due to a number of factors. First, it may
result from basic differences between the rivers used to establish the empirical
relationships and the channels of the Sandover, Bundey and Woodforde Rivers. In
particular, Dury's (1976) relationship expressely excluded data on the sand-bed streams
of some subhumid and many semi-arid areas. Second, the relationships take no account
of the likely increases in sediment load in the former streams, although this may have
been an important contributory factor to the enlarged meander wavelengths of the former
channels (see Chapter 8). Third, the relationships fail to account for changes in the
frequency of channel-forming discharges. The implicit assumption in many relationships
is that the recurrence interval of channel-forming discharge was the same for the former
channels, but it is possible that the dimensions of the former channels were determined
by more infrequent, higher magnitude floods. Even with this in mind, however, the
scale of discharge change implied by the wavelength-discharge formulae is unlikely.

The wavelength-discharge relations of non-terraced reaches - where channels sometimes
freely meander in younger, non-indurated alluvium - provide a check as to the reliability
of these formulae in the calculation of former discharges. For instance, in the 5.5-6.5 km
reach of the Bundey River near to No.l Bore, meanders formed in recently deposited
alluvium have an average wavelength of 1839 m. From Figure 1, this suggests a
bankfull discharge of -1000-1250 mVs. This is considerably higher than the average

bankfull discharge of - 7 0 0 mVs estimated by the Manning equation. Even greater
discrepancies are apparent when comparing Figure 1 to bankfull discharges estimated by
the Manning equation for meanders along the distributary channels in the floodout zone
of the Sandover-Bundey River: the wavelength-discharge formulae consistently indicate
bankfull discharges 2-4 times higher than those estimated by the Manning equation.
While the use of the Manning equation undoubtedly introduces some inaccuracies in the
calculation of bankfull discharges, the discrepancies with the values predicted by the
wavelength-discharge formulae of IngUs (1949), Dury (1976) and Agarwal (1983) are so
large that they cast serious doubt on the validity of the fonnulae for estimating the former
discharges of the Sandover, Bundey and Woodforde Rivers.
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Figure 1 Examples of empirical relationships between meander wavelength and bankfull discharge

